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mmmzmtmi count, 
mmmmnz^w^mi^m mfctz m 2 coxn t , 

mhmmm^^hmitmm-hm 3 «xg t . 
friB# H B H M^2»#cM&m 1 totmm^x. m&w=m 
wmitmm-hmAco^Mt , 
mm^A^mwm^ mm izms ix j^&zrt&f&re 

»#:Jl^Mt-|>Sl5 0XfSfc, 

fries 6 ^I|S(7)mt^n^>&^S^3?BI^T-m 

2 ^jn»i&ff 5 m 7 ^xg tm-tizt mmt 
iuiEas±t# B B B *^«*M *fM-ri> in 2 ^xn t . 

#=§^ffM^£3l4cDXfgi, 
MfE*SIMfc£i&Jli^«7c3l£i§ 2 ^JnWIt J: 0 

mmm^m&mrMMmzmzix wtm&n* 

mmBim^BM¥m&mnzy~Hmmmj%?6 

m$m7cox&.comzj^"ry^tsmimmu^x-m 
2 commmmm dm9coxnt it *rr s - 1 *#fSfc 

SHmte-rmioxgt, 

frlBSKXt# H B H ^2»#;M ^ffMt-S m 2 OXfS t , 

iuiB# B B B *:^w#;)ixt®fKwt;in 1 (wmm&m 
&m3coxmt. 

mmw&w^mfamxm^w^mfamm^k % ® 

mh%mimiti$^hmitmm-hMAcT)xnt , 

fufE# B B B imi#c§i£si 1 ojp»it j os&imi 

ftji^ffM-rsmstoxist, 

miesi 1 emmmm^t&meoxmt , 

fuf EI£ B B B IT¥«#;§I£ L T iM^I£ B B B iC¥ 
SftlJMtSS 7 OXfS t , 
lulB^^^IS^^W^MXt^-MeSM^ffM-rs 

mscDxmt. 

mm 8 t0XfSOf^t^n^>£fr^MftilBIMttiT''m 

2 eoimmm* fi= a n 9 ^xg t £^rt i> ^ t zmm t 



#HIM«fSllOTifc. 
MfEMm=# B B H iC¥«#c§^M^I>ll2 tOXfgfc , 

mmw&w^mfomxtzmmmzm 1 «ssi^Mt- 

£Jg30Xgfc. 

tuiB# B B B w*w#:)i^ m 1 ^r«iit i 0 !§ B B B imi 
^mm^i-ms^xmt. 
mm^MiW^mm^ymmtifzWMtz v>zmtnrt& 
mecoxmt. 

m ffi&itz mg-t h imam* w. 2 nmmmz x 0 
ffifas H B H if¥?»#» r&^-r&m 1 vxm t , 
mmm 1 ^ffiisji^^-rsms coxmt , 

luf ES B B B IC¥«#;SI£ iifKW^* ix mtm&'K* 

MfEiM^S H B B l^«MIXty- Mfiii31£ffM-f§ 
gfl o^xst. 

lifiidm 9 wif-tf 'mi y > sr rrmmtm^ 1 '-cm 
2 i'»wM^i T -j m 1 1 t i\ ■ t rivi.;< 

[it mn 5 ] m& 1 nmrnmA wmt^mzts 
im&6 ] mm 1 nmtem 5 wmt^mzti 

tmwm wxommzmt' ^^ y > -jtm^tsr y x-? 

\± . 0 7 -/ S: 7°7 XV-ft U^OTfcSI^t 

[ff*H9 ] ii*n 1 mmimA cD^ti^-m^a 

TwIBtt^TcSii-'y^/L- (N i ) , ^'/L-v-^A (G 
e),ft(Fe), A°7^A (Pd).XX(S 
n),»(Pb). aj^Vh (Co), fit(Pt), 
l(Cu),t (Au) T"S>!>; 

[000 1] 
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[0 0 02] 

mmco&m mmy-yyyx? mr. TFTtta 

t vx tf mufflm? t Lx^rnmmn *m 
mtiz\t mmxh i„ mzTt^^y^hv? xi 
(vm&m^m^mmmzwitf&xj vi-ym^. 

[0 0 03] ^mfomt U^fy'J^yMl* 
ftl>X^ 7fy/|fJ: LTiifiJfflT-l 

t mmmzm>& z t tzktf 
mtix^i. mmtmm&mm t ix^mm 

S 1/ U 3 y JUi^SH y'jnyl, ^'Jy'j3> 
«, WS^yU^yi^'t LTl>^ixTU££\ T 

-fc J: o T t&fttt § ttiffify U 3 yJB#£ < 

[00 04] L£>L, Sftx^^-^fflv^Sftiteft^i 

6 o §rb\)&mzxmm^h>mtfh o , mh^i 

& 1 O^^S^g-tStO-Cfcl.. ft of, 4Stt£ 
I ^ £ *gHrf Wriix * y ^> v -f-3WYA GU — f— 

imximu-zT FTt m Lxwmmffgz 1 1 > 

[0 0 0 5]it, S H B H «C¥»f4« , f«7U«£ffl^ 
H\ #H¥7 - 1 3 0 6 5 2^m. ®ffl¥8 - 7 8 3 

s . mmiimitm^zm^wzkMm&wy u n 

yMt-v^;^i;"^Sil!«7U«&WAL. 5 5 0°C. 4 

"CS l> . 
[0 0 06] 

[^*«Li 3 fc^SilM] *7X^k«±C 
Ifty'Jay, Ify'Jny, IMMyJay^^ 
£ fi£l> Tt«l£ JFM L . *-0)±£*£ L^JIIf^gft 
SfeteAfl^u-f HtSfift^TtSfifl: LT# 

¥-(?>±'mmmte^x< 1 1 lyaft^wtiM 



T V ^ . X -y fc*<Z>M*l7G^£fflV ^C»ISh h b 

#12<1 1 0>tffi|6]L-CV>S. LA^L^^m^i 

a trim t ¥-mfam t «^hx ^v^- t > 

[00 07 ] ^Ote^^t^Si^^^S^JlttS 

ix. e s B B f¥ifti*«^t'j7 com 

T F T £ f38 LT i ^^m^mff ftS£* -rs TFT 
[0008] Wja^i: 3 =5r^ja^*j)¥^-f s^a 

£^ft-i-i> .it^swfc l. ^Bm^m^m^m^Bit 

3 ^^«^#=M£ fflV ^ i i: T"T F T^)^tt£ fo±. 
[0009] 

k. mmm^fcmtmttm^mfamm&ik 
zm&th mmmt^-tmmm-hm 3 <^xm 
k , mmw&m^mimm 1 mmsmtzt m^m 
zmtbm&f&t&m 4 oxs t . huibis b h b w^w#;m 

LT ^^^ISsPaW^f*^* ffMtS m 

5 oils , ffiBS«y)is H B H H^ mfom±. t y- h ffii^ 
mmm-tmeconmk , mmmecoxm^Mzr^ 
yy^^mimm%^xm 2 ^j«n£ n o%io^ 

TMk Srfff S ^ L £#iS:t . 

[0010] ttz. mwLcommz'wyy7£M£ift!7° 
?x~?ms%£!mtm 1 oxgt . hoie*k±^^ 

¥3»*M£?fM-ri.m2«IfSt, filB# H H H M^2»#c^ 

xtSKWtm 1 «iffiiin&ffMt-!>i?3y)ifSfc , m 
~thmmm^^hm^mm-hw.A^xMk . m 

sm6<7)xgL . mm^Bm^-m^mrMmmm^L 
xwkco^BW^mw.mmm'mi^TMk, mib 

^)XgL. MfBm8^Xg^t;^nyyS:#tfSiltl? 
HmtpT'm2«jD»^a£tf 5^9y)Xgt £*t"l>; 

kzmmki-z. 

[00 11] 
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imommmi :mmmi: 011 (a> ?^ 

tiolz^ 55ISS1 1 0 l±tL<(±^^HffltJgj£ 
7>y«) 75X7 1 1 0 3£«L»0fIffi£7'yfii<ft; 

[0012] flRfcf , 07 yitim ( S i F 4 ) 
H7 'y-ftSS ( N F 3 ) ZmAL77Xvft.LX7vm 

x . in i a 'r ? x -? c v d mm £ mmt& - 1 § 

&m(oi><7)*i&iik. ecr («^>r ^nhy^m) 
7° 7 x' v c v d mm-* -? a 9 n : & c v d a ^-ttt 

CV&$0>$^*MRLXi>&\>\ ECR75X7 
7 P^7°7 X'Vii^'X O^S^^'ft V VOT' , 7 

[ o o 1 3 ] 7 vmmft- tzmmm 1102c 2 

0-1 OOnrn (#?^L<ii4 0-8 0nm) 
*M#^££ttf3*ttiRl 1 0 4£«fflftCVDS;, 
7°7X7CVD£^(i7^>7&T''ffMf-|> (01 1 

( b ) ) . #&wmm*kwmmt ixn, #m 

fcfis i H 4 tH 2 ^iM^S§ft&#JI*^J3y|gi£5 

5nm^)Ji$ffM^I>o BfcWi, «EECVDffitS i 2 
H 6 SMUTS' Va>m%55 nmcomz « LT t 

7^ft?K >T''ii«;ffMt § .1 i: t h . 

[ 0 0 1 4 ] * LT0 11(C) TSrf J: o 
MX 1 0 P p mOM«7£«^^7K^^7h^-T-* 

0Ik§^tm^i» 7s t° y 3 - h mx-mmjtm 

-ftt&mi l 0 5^M«„ M^7c«ttt-'y^;l/ 

( N i ) , ( G e ) , ffe ( F e ) , 

^A(Pd),XX(Sn).»(Pb), 
(Co), (Pt) , £g (Cu) , A (Au) 

T£>S. ;oM^7£«^#*-fS/fl 10 4(1 7h°y 

[00151011 (D) "C^fefift^XStJi. & 

t4oo-5o o°cximmmm^m^m^m\ # B H B 

«ry U n y^Tj^W/K**^ 5ato«%jaTt-t5 . #b b H 
fy'J3 y§l^1r*3l*^«* (;fc v vt£*kp & ; 
offiT-fe liz\ (nmmJltS-r L i> i^-C^r v \ 

5 5 0-6 0 0°CT" 1 -8^r B l«£ B H H l[^Td . SB 
fcfi, 5 5 0°CT"4B§r B 1^»i^ff 3 . <! 3 LT£b b h 



MyUnyH^^^SIg^M^WfrMl 1 0 6 mtz 
btfT%&* 

[0016] z\cox 5 \z Lxim^titz^'K^m^m 
1 1 0 b<mfe<nwm^+>7Lxm.^mi 
iQizmm-h. zlx. %<r>±xzT--Yfflmi 1 

08^y'j3 y £ j&fr fc ^fUmWiX 2 0 - 2 0 0 nmc^) 

Wi.tr, 77X7CVDStS i H 4 
b N i Ob<m&tfXfr&Mttgft.i/V3y&£ 7 Onm 

[ 0 0 1 7 ] ^LT, Anyy (ftiSfW^fiW 
tfBi{ti#HMtFT"7 0 0 — 110 OtiWlS 0 . 1 

-8^1^ zemmizx*). y-himmi 10 
s h 1 1 0 7 1 mm-mzwtttmmm 

ttz. ^uyymmux^mit^mmxy- nmmi 
1 0 s^s^wftMi 1 0 7 tzfztti&&m*mm 
m% tip \njr>t it&famm t , fmwzma-z 

z\ b **f S S . $ 1 1 httttlR 110 8 (i«B»WJEE 
hZbtfX'^Z, (01 1 (E) ) . 

[0018] immm2 ] 1 ^-^t^$ 

Liz-M*7Frr. 01 2iiS«3 0 litM^tn 

^•f^Matxp^-^ ^;i/ST f rmmmmz^ix 

^ 5 . n f - -v T F T p f - <r Wl$L T F T (7) y 

i ^smi 3iK 3 1 3 fc , MiBffi i mmmmi 
[0019] micommm3 11,31 3{±, ^^y 

( T i ) . ^ y ?/l- ( T a ) , t >J Try (Mo) , 7 
y/7fy (W) ^fc-jcS*\ iii^^7C*SrJt*i:t- 

stm-c^js-r afc, m2commm3 12, 314 

(i}g^7)fgV^7^S-7A (Al)^i(Cu)^ 

ttfufj^. mmzi->xte. micommm^x^m 
ixL&^i, m2<omnmcoMzz Mzmv&mmz 
mmLxi>&w 

[00 20 ] P^^^;^TFT^»#cjitt. V-7 

n«3 03t, vv4 ymmo 4bfrt>$L^x^h» 
[0021] ^*}vmmm3Q2^\±^ tb^t^ 

[00 22] ^9 LTn^^STFTtSit^P^ 
F L/i t . H 1 ^)iir H 1ieSM 3 15. 

m2mmmmm3i6xm^, 30 

9. b'l^-f yffl«3 0 4, 3 08fcffM^-|>V-7ieH 
3 17. 3 1 9fc F^^yffill3 1 8fc^lS(tl> 0 01 

2«DfiB&T(i, -ii^ &|git/tST'v^y y<-y 3 yjjg 

3 2 o t Lxmfcisv^ymzmm^. 
w^i>n3 7)weiiai3 2 i^t^,. ms^m 
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tr, m^m^mmzmmi-z.^uz. s»f«^ 
mm-htzmzmmm^mv^ztmm uy 
[0023] mmmm 3 ] mmmm 1 1 mniz^m 
m 1 2 0 1 ±t l < imummm^tifzTimmm 

£y>ym$:-%isT7X-?\ 2 0 2tioT^ (Hi 3 
(A) ) Lfc&, -^^aL^Uffil 2 0 3_ht# H B H M 
¥StisJB£l 2 04^3 0-1 OOnm. #?£L<(i5 0~ 
6 0nmOJ¥§T"ffM-TI> o Mitt. 75X7CVDSf 
S i H 4 £fc(iS i H 4 hH 2 ^t#S§ilS^ H B H ^^U 
3yjg*5 5nm<7)ff$T^fi£-rS (Hi 3 (B) ) . & 
Utt. IffCVDStS i 2 H 6 ^« B B B fyy3yI| 
5 5nmOJ¥§T«LTt^l\ # H B H ®^»*^1 2 0 
4±HgHt (y'Jny) ^-^tfffi^T-^Svx^Jll 
2 0 5^15 OnmcPDU§T"JFML. A?-^/7'CJ:'> 
•CilPiSl 2 0 6£ffM-f& (HI 3 (C) ) . 
[00 24] # H B B fff§}i£ £tf^ffc|g«#EffiK«!*g7C 

JBTli, j«7C*i LT— 7 ^*fflV\ 5 7 0°CT* 1 

4B#r B io»i^fi : 5 o ^sn, annas 1 2 0 6 
ish^ww l , nmw&B%mmmm->tz&h%m 

mtf&tih. (HI 3 (D) ) 

[ 0 0 2 5 ] JSftfk^Igfffl^it-'y^tlS 
HflC^ U 3 yjR*^H^-f S ^ v 9 U V ^ZDgfcfr 5 . 
ft(3i:7FMU^*?JIl 2 0 5 £^X? t L 

xm\\ 1 5ffit*-fl.7C« (*^»K-ttUy) 

n-ftumnw mumi2 0bTm&Ltz^uWis 

U^yMCl X 1 0 19 -1 X 1 O 2 °atoms/cm 3 ?)*§jre 

0 ) 1 2 0 7 JffMtJ . 

[0026] mz, mmwmm^x-4 5 0-6 5 o*c 

(*fiL<(i5 0 0-5 5 0°C) , 4-24^1 (tit 

1 < (i 6 - 1 2 b#p b i ) oiwraifg^T a . ^ ^»Ma 

TMlz X 0 l£ H B H iC y'Jn >m*<?>- -y ^WifcEpO^ftl 
?W 1 0 7 (=ff S§3fi£ . Wh, S B B H «f y U n yffii* 

JC U 3 y M (^ S til, - v T^ilSii . 1 X 1 0 1 7 at 
ms/cm 3 iilT. ffiKlilXl 0 1 6 atms/cm 3 T'ffiM 
■fSClts^T^S (HI 3 (E) ) . 
[0 0 27] ^OiL 7X^ 1 20 5 £Bfc£U %t>ti 

tz^n^m&mfr^mmm 1 1 lt 

JI 1 2 0 8 Sr^fig-fS . ^t, 

l . .^nr> i^mmmmmxmm-t^zbizi 

SrffiM <! b tPX'^ h o -5- LT , §yfc7$B 2 fc^-f 



[0028] [HJS^J4 ] HfiWJ 1 f: 3 T1i# H B H M 
D&T'S iH 4 ^Si 2 H 6 ^f3S-fl.^tOV^L 

[0029] immwMmtmmmz. m^m 

fcLT(i^y>y«^fflv^fcil<. 7 7lliyy3y 
Tg^Si ^*ffi5feWtx f - y y-th z. b ftX% 
&oy>yfm!&£mi&tZ>zbffT*h. "tlx. y 

•y m t ym^immm ixxa ^mico^^mm 
^b%m^ v ^ >m*imi-& z b frx'c? h . z<o x o 

V-^A (a-SiGe)E tt&Wmt^ V ( a 
-SiC) I, ^ H B H «y U 3 y ■ XX ( a - S i S n ) 
BK: if 1 1 ilffl-f S i i: § . 

[ o o 3 o ] 7 ^mbymmm^mit. #m.¥-m®. 
xbixmyvimm (siFi) b^m(u 2 ) , sst 

(iS i F 4 i:S i H 4 , 4fc(iS i F 4 1 S i H 4 b U 2 cr, 
m^b^MMtt Z. b So S i F 4 coitfo 0 
t;b'J ynny^y ( s i hf 3 ) , y'ynny^y 
(SiH 2 F 2 ) , ^yynny^y ( s i h 3 f ) %m 

mt&Zth-CZl. ±tz, S i H 4 t F 2 ^E®RJtE§ 

&Xi>&\,\ S&fc, Mfyyny-^-^I 
*^®1-^^ft(c(j;y'/Ly> (Ge ii, ) vl'q^- fL- 

(GeF,)t ^^t^U 3y?r#l 

■T (ch 4 ) ^ffly.y^y^y (c 
F 4 ) %b'&. ^fify'Jay' xXKJfMfS^ 
ti±*^kxx ( s n H 4 ) &®W^JPWffiV\ 
[00 3 1 ] ^ H B H H1f}i^^l>^#:My)J¥§tt2 5 

- 1 o omcnrnz-cmm-z. m^mm^m^mxn 
y ■vmommzj; ^rmmm* y >vmfcth z. t &t 

[0032] c\<Dko[zyvmb7mb1t^Km^ 

xim^fitz^B^mm^th^mwmi 103c 
a. mmv&m&mizhimi-tt>\ mwz&mw 

0. 1— 2 OatomidL 1 — 1 0 atomic^ 

^rf £ i a t;^jj!c^-& . m^zmtth y -y «^7K«(i 

^^m^S H B H^OX|ST'«4i^ S ilTM^ 

^z\&Ttht)K mmitLfzi^A^-m 
wm b . mmrnz y •/ l t ^ffls^ffl 

t i 0 < 1 1 0 ><7)@e^ttSr J; 0 ftftl. c: t &~C% !> „ 

[0033] [»wj5 ] TtmmmttzizTMbft 
Bm^mw-mb^m^y-mt'th^mbLx, hi 
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1 1 3 tSti 5 i,z^mM±^a)& 

£?±ALT&&1\ ^O^atLT^yK-TS;^ 

[0 0 34] ^^yK-TST"(i^^yJSfc tTS i F 
4 ^y>A (He) #t«F^ffllWtyftU# B B B 

LT . # H H B *:^W#cM 1 1 0 3 Tfftffi 1 1 0 2 i: 

1 0 19 — 1 X 1 0 21 atoms/cm 3 fc&S £5 fcrt£. 

x t ma^isT- ^ vm*#m i mik& t rmt m- 

m4*>mm¥m>ftmco$mfrt>&A-t& 1 x\ 

mmm^ti. m^mzmm^mm\m^ 

[oo35];^j:at7 vmmAitzim?mim 
mi bmmzLxitm*m#m 1 o 3t» lt« 

[0 0 36] (^tfeJgJB 6 )*mtWC^ti o izLXlfe 

Sfc< 1 1 l>fc«fcW£IJ|ftFU fOft^yf^^: 
Srffll^Sfelg^ffiTfm^nSig^^ 'J 3 yjgJi, 

ra^jyuf sis^to ^tt^«ois H B H ^m^ Ltz 

(±<1 10>tiEl6ltT^5. WliO-oi; LT. 

¥##|g<7)igJ¥#2 5-10 OnmfcjlVW^ 

o»Sf)^ din w$ s msimb\mmg£i> 

hy'Jnyt «Wx^;K-^li 1 1 
[0 0 37] U»U ftB87c«^fflv^«SlSfi^fc:tJ 



mfflmmm^)v^-<nMzwM^Kh z. t t&s 
M^7u«^fflv^cis B B H ^jiT-a<i io><m$\& 

fcffl^fc^llflSifctsvvt ± ^Wm\z%h z\hi?X% 

z\<ri^\zLx\m^Kfz^mm^mi. mm 

Wm 2TSLfci5tTF T Srf^lS-r § fcfc ^WfrS! 
[00 38] 

[HMSW ] [HS609 1 ] *^O^JfifiJto^T El l -0 

t ^<rmmmnmm-tuz^(r)%mmnt mmzit 
mtium^^xmm-ti, fit. mwz&mz-t& 
tzMz^ mmm%xn. ^yvv-jx^m^. A- 7 7r 
0S^^)S*0^T"feS c mo s m^fc . -tf yr u y^' 
ffM-ri> nf^ *)vwt f t t &Ei^-ri> ; 1 1 

[00 39 ] mi (A) ttiV^T, asstiootii. 5 
£»^y 'J ^ ys«^ffiffl-ri, ; taiga lv^ 0 

LTl>^t\ *HJtM^^r, 8 0 0°Ciil±^fimtH 

Mfm£5%mmm^xhm&^\ 

[0040] %LX. &M1 00^)TFT^ffM$tlS 
SHlOlbt, 20-1 OOnm (Sfit<(±40- 

s o nm ) mzmmffim-stf^mfcrn 102% 

MJI^CVD^, 7°7XVCVDm±tzi±X^-y?mX' 

[ 0 0 4 1 ] # B B B MSit*#tf^W#:Mfc LX 
(4. ^ H B HW^»ftM, «Sh b h ^W#:^I) 0 , 
H B H ®y u a y^/k-7- if^f^fitSr^t 

H B H ® y 'j 3 yn t Sr^^ftisc t ^S^W tffM^S 

[ o o 4 2 ] . # H B B *:y U 3 yM 1 0 2 ±ta« 
(yyay) ^tsmmmx^h-7^mi 0 

Ls ^^--y^ti-oTlBPail 0 4a, 1 0 4t» 

JjSc-TS, i(7)BHPStt, ^IS H B B ^lSo^«S H H B lt& 

(HI (B) ) 

[0043]^. mm^timmmt ixn. mt^ 
v ziym. a^yy^yM. a^itityy^yM^ffl^ 
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mVh 0 . -^Pf §S«m8#2 5atoiicZELL5 Oato 

[0 044] ifc, ^OVX^Jll 0 3W-->7 

-*-A?-y^SU£<„ 7^1810 3^X7 
fymitpH^fy^^Il 0 2 MI£H=x.y^ 

[0 04 5]!«;, Wffi 1 0-24773 5^fg 
(*H ft 111=^0 9/0 3 4, 0 4 1 fc*fj£) fcafflZ 

mmjzn ix . siMtsr mmz mrnitm (--vy 

[0046] Jt#=Wtdi. ^ftlffl®t*t^**KW 

M¥7 - 1 3 o 6 5 2^m^mmm i tieas^fcs 
mm^xm-f^mtnxhm\ 

[0048]^ itmis U 3 yjgte-#W*3Mfc £> 
i: l>£\ if £ L< (±4 0 0- 5 5 0°CT" 1 f^mUcoM 

Mmm*m\ fcmi-tftizm&zitx 

[0049] SIMtlgtt, 3^4 0 0 - 5 0 0°CT' 1 

fcflL 5 0 0 — 6 5 0°C (#4t<(i5 5 0 — 60 0 
°C) T"6-16B#rs1 (if S L<tt8-1 4B#Pb1) <?» 

[0050] *nffiMTii. m&tmt tx-^y^ 
m \ 5 7 o °ct- 1 4 vmommzft ? . -e^sn. 

HflPlrPl 0 4a. 1 0 4b£|B£fcLT«&S«fcTO5: 

WT'iilSH^^y 3 yd) 1 0 5a- 1 0 5d*%M§tL 

S. (HI (C) ) 



[ o o 5 1 ] mz, m^\mTMX'm^tz-yy)v^ 
y =j yWfr t> y -v 9 y yyxmzfi o . 

^HSWTti. ^iit'ffML^vx^Jll 0 3^fOJ 
ivx^fcUl 5Kt«-fl>7cS (*HJtMT(iU 
y) SJHlIrt-SlSSffVV fflPSPl 0 4a. 1 0 4bT" 
Smttte^M^U^ylitlX 1 0 19 -1 X 1 0 2 °at 
oms/cnP COjiE-C 'J y£S*J U y^jD§(« ( JilT. ^ v 
fVyymmt^o) 10 6a. 10 6b£ffM*tl> o 
(HI (D) ) 

[00 52 ] aSSHm^T-^ 5 0 — 6 5 0°C 

(#4 L<(i5 0 0-5 5 0°C) , 4-2 4B§P B 1(#f4 

l<«6-i 2B#r B i) <«piiiiiHf/ 
Tmz x y isar ^ y 3 yjR*<o- y ^wi^w<o*i*i 
tsu l , y yto/' •/ ^ y y^mizx ixy-yfvy 
ymmi 0 6a. 10 6btMs§tn> 0 fig%. is H H B ^y 

y 3 yjRtf A 1 ^ - -y yiMffi&Zti&tibb* Y v?V> 

mmihwy »a>mi 0 7a- 1 0 7dt#^ixi,- 

y^MISfi. 1 X 1 0 at,„s/,: m i'J.K. iJtKltl 
X 1 0 1 Satras/cmS t4 Tffi^f 5 ^ 1 3&^S £ . 
[00 53 ] 7X^11 0 3 ^^SL. IS H H H ^y 

'J 3^11 0 7a-l 0 7A±i,z&<7mmmm<7)*:ib 
iz^mm i o 8 z&wz . fra^ 1 o st± 1 o 0-2 

OOnm (jf*L<(il 30-1 7 0nm) C0Jf§OS 

imitisv aymtdmityu ^ymm^i t& 
^\ zw&mmi 0 8^mmmMmz^Ky ] j^y 

[0 0 54] ^-tT. ^£7)±t^i>^h7'X^ 1 0 9Z 

^%7uSfc itmmn sm^zm-tiTtm. * 

SWtlisKn y fMitfVVA&MmztiPZZl. 
•ICDTM {y^^JVY-TTnt^o) (±TFTtOL§ 

y'l7> (B 2 H 6 ) ^Wi^ML^V^r^Xvij^L 

^ff 3 A * yA yy? yy-y 3 y^Srffl^T 

[00 5 5 ] ^^IlStJ; y 1 x 1 0 15 -1 x 1 0 18 at 
oms/ctf ( ftSWtHi 5X10 16 -5X10 17 atoms/c 

m 3 ) ^siJKT-pS^MfeTC^ (*»feMT"(i^ny) ^ 
^tf^aft®Sl 10 a. 11 0b£ffM*t£ o =5rfc. * 

mmmmt. uyn^itix^vmm) *pm?m 
mm (b) fcs«t-i>„ (Hi (e) ) 

[00 56 ] Py'Xl7^?10 9JiiL, $g 

H H H €^ y 3 yM^y^--y^LT^«^»i*ii ( a 
T. SSttJifcua ) 1 1 1-1 l 4 =Srii. 

SSttJfl 11-11411 --y^*g!KWtm&DLT 
^ t J: X . #3?«g B B H ttOi! t ^S H H B *:y 
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ymmzx y mzximm lxh y , mm 1 1 1 - 
i A^zmf-fhmmm<^mmi, i x i o i7 aWc 

m 3 I^T. SiL<(±l X 1 0 16 atms/cm3T-fcl. o (Hi 
(F) ) 

[0 0 57] it, pf-v*;P&TFT<0*SttJil 1 1 
K>. nf^^HTFTOigttgl 1 2-1 14lipS 

?Rteft<s« (b) t^x^t. ^mmwtpxn. zco 
imoft&Mi ii-i 1 4H£xM&tfdmnmi,z 
mtxfohb%mth« mh. tft<dw^^^^ 

m&fc^mMjm&m^mmtinztix 
mfmwmzmnzmm t^ix^\ 

[0 0 58] mz, 75X?CVDmttttMv?m 
fcj; 0 1 0-1 0 0 nmffOSS^^tflgSM^^-f 

h . , 3 o n mmmimitis y n yji£ 

mmim±td±mmxm^xmbtci\ 

[0 0 5 9] mz, 8 0 0-1 1 5 0°C (MH<1±9 
0 0- 1 0 0 0°C) nWt&X 1 5*-8BtP B l (iff* L< 
ti3 04H-2H#ISI) «IHlg^, RfcttSffiSlTC 

ffi%^bl<3l2:m0nUcl?fflM*T''9 5 0°C8 0#<7) 

MlS^ffa. =Sr*s, Hi (E) vxmmnzti 

(A) ) 

[ 0 0 6 0 ] fcfc, ii^tt»HMt LT(i, FtMit* 

oign^ffiofiM ttt f 9 a mmmmmmix ^ s . 
^»H^fc i o o %mmmm%xv^xm 

[0 0 6 1 ] ^StBMytgofiL ii«^-ir0^ffifc 
zvTcoimmi ii~i 1 4 to^ffitfeuTt^t; 
MjiE^atrrs o ^mwMxii^ummLxmmmz 
BtfLZtiz y~ v mm 1 1 5 ^jnnt^ 5 0 - 2 0 0 ™n 

(mL<\±\ 00-1 so™) fciiiatiwrt 

6. 6 0nmJ¥OStt^) 

3 % 2 5 n m^Bllb$tLTSttl 111-114 OMff 
Ii4 5nmt^„ 3 0 nm*Z>S*£-£tf»g 

Jgt*f LT 5 0 nmJfO^S^H?& i »Si7)T\ 
M6lii£ 1 1 50HJ¥(il 1 0nmk%&« 
[0 0 6 2] ijCt, frfc£l'> f *W.*?l 16-11 
9^n, -£Lt\ nS^ltWS^^TC* (ill 

1 2 0-1 2 2 ^mm-t . =Sr*5, riMft 

tliU yi£H«£ffl^l> £ S. (02 

(B) ) 



[00 63 ] zm-mmm 120-12211 mzc 
m o s mna x u'txr y y n ^--v ^vmr f 

ffl&c$>&. zzxfM^titzrmmmuin 

m^fflmTtmti^ X 1 0 16 -5 X 1 O 19 atoms/cm 3 at 
mmziiSX 10^-5X1 O 18 atoms/cm 3 ) (T)WMX 

ifttix^z. *wmw*xn±.mmmmmx n mm 

ft7^Sr^trWB9ffi«S: ni^Wlii ( b ) 
[0 0 64] Srts, zzxnytx? Ay (ph 3 ) & 

y£ 1 X 1 0 18 atoms/cm 3 0?ISTiMD^I> 0 ^fra. IT 

$k\\ zcotmxu. y-mi 1 5£^LTi£ H H H iry 

[00 6 5 ]^(y 6 0 0-1 0 0 0°C (#?^L<(47 

0 0-8 0 ot;) ^^Stt»HM^T«a&fit\ 0 

2(B) ffixmxmiiztifz uymmtth . *^ife 
MT(i8 0 o°c 1 B#p B i^»a^ as»HM^-cif 3 . 

(112 (C) ) 

[0066] ^toB§, y y^«(;flf«ttvS 
^xr--;W 4 7yrr--;^y-#'- 

[0067] ZCDXMlZ X *) nmmWiWM. ( b ) 1 2 

0-1 2 2<^m-m. mh, nmrmmm (b) com 
*mm& (b) i^tf) fco»^i5^Hjnt^s 0 ; 

CO^fcii. f^TFT^«LfcB§*^^T. LDD 

[0068] y- vw&tzm'mmm? 
^wa *nsjsMt*{±, m 1 wmn 1 2 3 fci?2W 

«K1 2 4fcT-^-&»il)l^ffMt-|> 0 (02(D)) 

[0069] c\c\xmimmmi 23, m2wm^i 2 
4fci/na, ^y^;k (Ta) . ^^y (td, ty 
7'fx (Mo) , fyp'XTy (w) , ?nA (c 

r ) . yy ziy ( s i ) ^sttm^Tcii ttatuiE 
7u^£±^tt-i>2»€M (ft^wttta^^y^^ 
n^y^fyE a^^yM) . ttaiuiE 

JR, Mo-Ta^I, j'y^fyy'Jt^Mf) 

[00 70] ^rfc. miW€)ll 23«10-50nm 
(if^L<ii:20-3 0 nm) fc L, l?23»€Jil 24 
{i200-400nm (jff 4 L< (42 5 0-3 5 0 n 

m) tw£^\ *mmx-te. mimmmi23t 
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LT, 5 0nmmc?mfc?>7'X7-> (WN) JR£, H 
2«m§ll24fcLT. 3 5 Onmffc^y^^yfl 
Sris, H^L3:V^\ Hi 3»mJK 1 2 3 COT 
t y U 3 >m% 2 - 2 0 n mgJK<7)i¥§ T'ffM LT i> < 

[0071] ttz, mimmmi 23 1 txmit?y? 
[0 0 72]^:, mwmjii 23 tm2mmmi 2 

4 fc ^-ffit"X yf-y^tT400nmJ*^-Mai 
12 5-1 28^ffM^So ^^f§. IMWWBMS 
*l& y*- hffiH 1 2 6, 1 2 7 « nS^MiJ^iS ( b ) 

12 0-1 220-iity-Mfi£S)!l 1 

J: a KJgfifcr £> . i^fi^o^^^m^Lov^ii 
fc£l> 0 y*-MSKl2 8a, 1 2 8b(i|ffffiT1i 

ip^fB^tiX^i. (M2 (E) ) 
[0 0 73] V'JXVZX? 1 2 9£7B?J&U P 

S^tJTC* (#31«m*ny) £»LTflS*K 
y £ -irtf^M^M 13 0, 131 £?6»f S . 

^Wrii^'^y (B 2 H 6 ) £ffll^--f*yK-7° 
a (^ ^W^yf-^aVSPifiH) t 
J;93X10 2 °-3X10 21 atoms/cm 3 (ftSWttt 5 
X10 ! »-1X1 0 21 atoms/cm 3 ) »C#ny£?l;Jn 

§ 0 (H3 (A) ) 

[0 0 74] Jfcfc, V'JXY^X? 1 2 9£&k£U 7 1 ' 

- n iE*&tf p f- ^ wvm FTt^hmmm mx 

\si/Xy~?X7 13 2-1 34£«t& 0 n 
U y ^^Mffiflii 13 5-141 5rMtS „ c: -r 

•ct. 7tx7^y(PH 3 ) im^tz-i^y^-rm 

V\ lOil^iJ^illilX 1 0 2( >-l X 1 0 21 at 
oms/cm 3 (ftHWtd42 X 1 0 2 °— 5X 1 0 21 atoms/c 
m 3 ) ft I. (03 (B) ) 
[ 0 0 7 5 ] *BJ| W 4iT1iJifB?IfSiEHT'nS 
^»7U3l^#tf^l»l«^ nM^MtlffiJi ( a ) fc 
Sifrf § « £fc . ^I»f« 13 5-141 *%M§tL 

13 5-14 1(±nM^|iEMJi(a) fcmv^ftirt 

[0 0 7 6] ifcfc, yyXfVXM 3 2-1 3 4£|& 
*U ^-MSI11 2 5-1 2 8^^X^fcLTiES 



l» , .1 5 I TfEM^i^X^ftffi* 14 3-1 46 fzte 
IffEnM^MftMJi ( b ) ^ 1/2-1/1 0 (ftSW 
fciil/3-1/4) tOilE (fit, «0^*/l/' 
-TXgTtBJllSflfc sKn yjfUg ± 0 i 5 - 1 0 fg^U 
?SS, ftSWfcfil X 1 0 16 -5 X 1 0 18 atoms/cm/ 
ftMWt«3X 1 0^-3 X 1 0 18 atoms/cn/ ) T"U 

±tms.mmxnm^mm7mi:^mm$m ( fi 
u pm^mmmm (a) mo *nm*mmji 
(c) tsen-rs. (S3 (o ) 

[00 77 ]^. ^^XgT1iy-MSIlT-PI.§^ 
gP^^I^^T^TO^M^IJitt 1 x 1 0 16 -5 x 1 
0 18 atoras/cm 3 ^amT-U y^JP§^lT^I>^\ #^ 

^■tv. i>/ nMXS^MJ* ( b ) : 12-11 7!:!i 

Ktf-V^;l/K-7TgtlX 1 0 15 — 1 X 1 0 18 atom 

s/cm 3 <o»fiE<o#n y&ffiia ZtiX^ltf. z ^T.mx 

itpm?mm®(b) t^^)jfn^5-i ofg 

SJRKftifi* ( b ) coMdif^S^4i.5:^t#i.T 

[0078] m i ffisit&KJR 1 4 8*mmtt> . 

SlfflSffiWRl 4 8 LTii, a»**tf«aSJR, ft 

u 3 Mtttib m^&ittzWMmxBfm-tL 

H&\>\ tii. TO± 1 0 0-4 0 0 nmtmai 

\>\ ^mmmx'H. y°?x-?cvDmxs i h 4 , n 

2 0. NH 3 *M^'XfcL, 20 0 nmJ¥^«^y 
U 3 yM ( fi La*iR£# 2 5-5 0 atomic^ ) Srffl^ 

[0079] -e^fi, ftia«?iitiiatni 

i«0Ig(±7 7—^X7--/^, f-7 

~~>m. y yyT--)vmtz\i?:tit>it\m txn 

OZttfXZl, 7T -*XT-~?imX'ft 0 *ft^t±, 
>fvffitt#H^tt>tfc^T 5 0 0-8 0 0°C, U±L<li 

5 5 o-6 o o°cxfi ^mmmxneo o 

(03 (D) ) 

[0080] ^MMMxnfyyxTyz&mmvc I 
x m ^x ^ s *\ ^ y /xf yH(i#^tS^ttllv •> ; 

fc^tfLTV^. SP*y fiWTSoTK^LTttf 
y *-;kft«ffigJlt#ftmK5t 3t**> izmit Z fix l£ 

tc\bt)K ^mmmxnmim±mkLxiiimz 
jffi&m&s/vxymzmiK to, a^yuny^t 
MLTa^n^yy^yM^wiiLT^s/ife, aity 

[0081 ]^, ffitt^Xg^f*. 3-10 0%O/K 
^^•^tfUHM^TX 3 0 0-4 5 0°CT" 1 -4B$r?S^ 
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wmzftVK mmcommm . zwxnitfm 

x^mit (75X7i:j: mmtitmm&m^z ) 
[0082] vgtt^is^**^^ t>.mi mrs%mm i 

4 8O±fc5 0 0nm~l. 5 // mJfOSfl 2 1 Iflffiitlt 
1 4 9 JffMfS „ *SlfeWT"«®2iir B 1^lil 4 9 
i: tT 8 0 0 n mM^WC^ U a yjgfc 7°^X'^C VD 

at J; WMt^ . ; 5 lts i mmmm mmat 

y'J^yl) 148fc®2Mr B 1*fe» (Ifty'Jny 
Jg) 1 4 9 b<7MMmX-%h 1 /imW^JfSlfeSli^Jg 

jaws. 

[ 0 0 8 3 ] %t5. m>TM-vmm^ff^:i£. W.2M 
I3H&RK1 4 9 1 LT, #U >f S b\ 7? U;k #U7 
Sh\ tflMSKTSK, bcb «yy"y^n7r 

[0 0 84] *<?58L ^il-?'tL^TFT^V-XfMJii 

*u v-xwm 1 5 o-i 5 3 1 , k u- i >mm 1 5 4 

- 1 5 6 £JFMlM> , &*3, CMOSEB&£jgj£$-|>fc 
ftfcKW VEIt 1 54!ipf^*/HTFTfcnf+ 
*/l^TFTfc«Dia?£il<ffc3)frO>£. ifc, H^L 
T vvfirv^ ^atWCtti^StS* , T i 2 0 0 
nm, Ti^#tfT^S-^AM5 0 0nm. Till 

MRfc-**. (H4 (A) ) 

[0 0 8 5] mz, A'7y<-yay|l 57 t IX, 
3ylt5 0-5 0 0nm (ftHW^ii 2 0 0-3 0 0 

nm) oM^x^m-th, c^com, *mmmxnmcD& 
mz9tiL~>xn^ NH^mmts'^x^m^xry 

til . d to^JT-Wi^ff 5 ; t T\ s^v is<- is a 

yjsi 5 7 comwitzmi-&tti> iz, mi, si2Jip H i 

[0 0 86] ifc, Ayj^-^HVIRI 5 7*JgjSL 
$&£*Mnjg£fr->Tk&V\ fltefcf. 3 
— 1 0 0%O7RS5£Mf»H^T\ 3 0 0— 4 5 0°C 
X 1 - 1 2 i^oi^H^T 5 fc , foh \ mryx 

mitxmmzmmvMk n* w >wB&w&?hti#x?> 

[0087] WSI^t5:l>m3.JiP B 1lElil 
158^81 jum^JJS t;ffM*tl> . Mik LT 



5h\ bcb «yyy^n7ry)f»tl.^ 

£ * >f 7°^^ U >f 5 K £ fflV \ 3 0 0 °CT« LTffM 

[0 088] mz. itSflt^SiiCfc^t, ®3 
iraW« 1 5 8 JitjIfiSI 1 5 9 Sr^fig-fS . 

*mmm*xnxtmmmmz> t^dmmxmmmb 

^a^fflV>S„ MffiHl 5 9(iT/I^5-^A (A 

D,f^y(Ti), ?y?)V (Ta) frt>m&tv/z. 
Ttmx'^mtfzii^-fii^coitm^^jft-rmx 

10 0-3 0 0 nmnmZlzBf&i-Z. *^JfeWT1±lw 
tSKOf-^y^WS-frfcT/l^S-^JR* 1 2 5 nmtO 

[ o o s 9 ] . m 3 JiPBiiesiii 1 5 s ± mik v u 

st . ^mmmxwm i tzm 3 iir B i^» 1 5 s ^hh t 
c F^-xm^tzryx^mmm-ft, $m& i mz 
x mtizBj&tmmmmmmftJiZitizttf 

[0090] ;«of-^y*^s-^3tr^s-^ 

=Sr<t#Mid^^ffMT^I> 0 fit, WIMIli 
ISIfeSJi t ^y^ b ^-^^ ffiSL LXti < m&i> 

[oo9iiat, mmm 1 5 9 io^ffit^wtat 
tziiryx^mim (^mmmxummam) t^o 

2 0-1 OOnrn (*ftL<(43 0-5 0nm) ^)JJ§ 
cOiKtHJ 1 6 0 JffMtS „ *^Jt^JT1±}IliM 1 5 9 

ffiBt-fttll 6 0fcLT§Hfc7^5-^A§l (7^57 
JR) ^«5ixS 0 

[00 92] ;«ll«tlLT, t^+^t7 
/I'* U >f * ym&<7»b $ V ^jffEKxf - v y u 3 

?ili:X^I/>'^'Un-;iyh&2 : 87i^L/i^iS7'l) 
0. 1 ltLtC7>'^-77K^jDi, pH**7±0. 5b% 

^SS:^(t. Mil 5 9«?HT1^1I^I 
*gt?IL. Mil 5 9£R§«fc tT, (tmA- 

[0093] mmtpcDwmtmmtc?)mc?Mmmmm 

10 0V/rni nO#U^-bT"€J±£±#§-ltT, M 
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n mOH«M 1 6 0 £ JgjfcTS £ t 5 . * 

£y jlilJSIl 5 9 0JSIJ¥}i:9 0nmfc&& 0 

r-r . ttmm=?<?xk% zmuz x ^x ^mmmim 
[ o o 9 4 ] 4 i iTimmmitmm^xmmm 

OOnm (#4L<{i30-50nm) fth^tim 
Ig-fty U^ylg. DLC (Diamond like carbon) 

w, mk?y?mtfzmmmmm$:m^xi>^\ 

[ 0 0 9 5 ] mz . W, 3 IPalfMiH 1S8,A 7 
ygyll 5 7fcFWyffif!l 5 6^jt-fl>3y?y 
f*-i^ML, H*mSl 6 l^fig-fl.. &*5. 

mmmmi e 2itmstn>m<mm<mmmsrchi. 
mmmmi e 1 . 1 6 2 a, ajfl^jaft^^nt-rs 
ii^sj»«^^fflv > . mmm&m^mw t -r 

S *£fcli&M« £ffiv \Wf £ £ Tli^iiMO?! 

ly^gatiw^t. • ( i t 

O)I^110n mcDJ¥$^XA.y ffrXlffiifth . 
[0 0 9 6] ifc, ;OB#, BSSUffil 6 1i:3fiiRJSl 

5 9 1 ^KMi 1 6 o ^ t-cfi^r o . mmm 

■ m-y ) 1 6 3 £ffM^I> . Zftfh 
LfcttB) if 4 L<ii3^y«tii (r-? 

Lxm^timmim^mmm izt^ixtKz 
[ o o 9 7 ] ; o Lx^-mmnz, mmmtmrn® 
is, @4 (b) fcfcuTtt, iij»@^t(ip^^^a 

TFT130K nf+*;HTFT130 2, 1 30 

3mm$fv. mmmuzi^n^^mTFTx^h 
mmr f t 1 3 o 4 nmfcztiz . 

[00 98] $IJ«@^Op^-v^;l/ST FT1301C 

(±. -f ^;WFM?Iii2 o i . y-xfiii2 02, fl 
a >ffi®2 0 3&zti?tipm7Fmsmm < a > t-tbm 

SilS. (ML. «^±y-X2 0 2#?«&^FWy 
MJi2 03C1X1 0 16 -5 X 1 0 18 atoms/cm 3 <7)?SS 

[0 0 9 9] ttz, nft^HTFT1 3 02C(t 

ft^«I12 04 1 y-x^2 0 5. FWy 
fiii2 0 6 . *■ ix^^mmmmt f w ymmt 
«iat:, y- hfttHR^L-cy- MBit s%~^di 

6 ( *0«l»^T"(± ; <z> i d £fS8£ l ovflii t u 3 . 

ov(ioverlap<7)El*T#tfe. ) 2 0 7^fM§ 



ti&„ c\?m, Lovfflii2 0 7(i:2xi0 16 -5X10 

[0100] i/i, nft^;HTFT1 3 0 3C(l 
2 0 8 . V-Xffi®2 0 9. F W y 
f«2 1 0 . *LT^*/W6?j£M&£BEtf i a t;LT 

LDD^2 11.21 2^'ffMS^ll.o fiPfe. V-X 

%mmwmt<rm\z l d vwmmm^Kh . 

[0101] ^rfc. ;«fi|JltliLDD|iS2 11.2 
1 2<7)-g|W>'- hffiUfcfi^s i a tffig§t!3tfcft 

ic . h mm* a- ixy-h isn t m% tzmm 
( lovm® ) ty-h leit t wmm ( *bj*d« 

^T1i^tOj:5^fIJi&LofffI«tv^ 0 5rts. offfi 
0 ffsetc?)ElftT-#L^ o ) ^Sig§flTV^ 0 
[0102] zzxme H^rf BffflH(iH4 ( B ) 
Ltnft^HTFT1 303^@3 ( C ) OXgt 

C LDDf«2 1 ltt§^tLovfI^2 1 la. Loff 
WM2 1 lbtESOTliS. tfrMiOLovfIl|K2 1 

1 at(4 2X10 16 - 5X10 19 atoms/cm 3 U y 

tfe&tl&tf. LoffH«2 1 lb{±^C01-2fg (ft^ 
Wt(i 1 ■ 2 - 1 . 5 f§ ) CDiftK? u y*%4 . 
[0103] tfz. B«TFT1 304t(i. j-*r*)l 
Wi2 13. 214. y-XM«i2 15. HW y 
1SW 2 1 6 . Loff 2 17-22 0. LofffM2 1 
8.219 t« tfc nS^»MJi ( a ) 221 

§tLS. ;cou#. y-xfiJi2i 5. KWyfM2i 

6(i^-il^nS^I$!f«M (a) T'tM$^. Loff 
ffl&2 1 7-2 2 OtenSPFfffimm ( c ) 

[0104] *m>mxn, mmm&wmwmff 
m^i-zmmmizm tx^mmmm-t t f to^ 

±.Z J £&c.ttfT£6. Mfomztt.. nft*;HTF 

Timm±m^zmtxLDDm.m^MWim^^. l 

ovfgSi)t«Loffffii$£ffiV vfrttS ■! fcti-oT. |S| 

fcTFTSiti:, m?nm)mmmitzTFTnm 
t *m%x% h . 

[ 0 1 0 5 ] tfiUJf . ~T 9 7~ 4 7'-? h U ^XMMeTb^ 
HK<0^, nft^/HTFTl 3 0 2 

»it-i.yybyy'xy0s#. ^-jwi^0g§. immm 

ffi. U^yy^0£#. ^'v7r0lf^i;"^J«0lf^ 

<m<r>Mz iswms&mfth c\tx\ x% h mmm 
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[0106] fit, 'mizmtx^^Mmmm^m 
mt^^^ivnmwMcom. &vfw yimt*** 

[0 10 7] ttz. nft^HTFTl 3 0 3i4*v 
fi|J^ LovfMJi^ JFM-TS £ t T"* yf^t'J TMSSfc 

itmm-&« a>t, *yruy^iii§my-*lB«fch* 
w y«ii««t^«LT^^ u t^wtjiW i s 
0° ^fcSfcft, ^MiS^K«ffi^rfJ;o 

[0108] Jfc, nft^HTFTl 3 04(4®^ 
>-77F*-;FF'|IIj&) tai/n*4. ^-7«S« 

£8jd3# sgist* o 3 s Lavmmmitr. Lot 
fmmt*?* -v hmmwrntt - 1 xm ymmi 
mmmix^i* ttz, MWHE^LDDfiiiUDi 

( a ) 221 te*7vmmmttz±riimiizmc 

[0 10 9] ft^H3-7/^mtSUnf 
^^;^TFT1 3 0 2^LovMJi2 0 7^$ ((g) 
(±0. 3-3. Ojum, ft^WWiO. 5-1. 5/xm 
fcWffil\ ifc, nf+^/HTFT3 0 30Lov 
WM2 11a. 2 1 2aO^§ (t§) (40. 3-3. 0u 
nu ft^WKtiO, 5-1. 5um, LoffMi$2 1 1 
K 2 1 2bC0^$ (tl) (41 . 0-3. 5 Aim, ftfSW 
t(41. 5-2. O/imfc-fMfJi^. *3t. I«TF 
T 1 3 OA^fhiiZ, LofffiUJi2 1 7- 2 2 0c?>M 
3(H) (40. 5-3. 5jum, ft^t{42. 0- 
2. 5jumfciTh.tffiV\ 

[0 110] S^fc, pft^/HTFTl 3 0 l(4i 
TFT1302— 1304 !4# @ SSrn (/Vt^77 

^ >r y ) mzffigi ztLX^&)&i> ^mmw&^-^x 

hi, 

Tittsm*^' 7 - 9 fc s^t;f s -t- w&m^tz z t t\ 

BUT F T±t;ffM§^l>iIfiM^fm§*o-77o€ 

«H«^gi5<oBiP**i*i±§-a-s - 1 h . 

[0 112]^, *^(4**SftM^Ucfm§M 
«i«£$fil>£«£u 0 Wi(4\ *mSAtJ: 



- 3 1 6 5 6 #fFf 9 - 2 7 3 4 

4 4^-iamttzimmw- 10-254097 ^-matiE 

»S*utfl!3i<0fi^*tfflv^ ; k h XZ § . 
[0 113] IltT^f^^f'Jmii 1 ^ 7 

ajft* . m 5 iz^tX 0 H4 ( B ) 
ML. BMI5 0 l^ffM-fl>o *H»JT14IMt 
l/OKIM SHJg^ffl^S. ifz. MftS«5 0 2fc 
(4. j§HH#tt£ 5 0 3 fc . ffi|6l]g£ 5 0 4 £ ffM-f § . 
£$5, WftMd4^«EtT#7-7^/F^-^I 

£js lt^tH^ s-sotf^/f fa m o Tie 
4 a tmit-rs . -e lt. mmmt , mwm 

«afc7^f^ 7"v F U ^xS«fcM^]*^t 
^. ^atO-fe;F|i^X|St4oTy-;FW^x^-^ 
(^H^it-f ) %t"ZiYLXMt)$>h^&, *m.. 

^mmcomzm^so sz&xi. a±m (rn^itf) 

{z 4 ^X^zm±t h o Mtli^« B W4&ffl 
v xfUT^ v > . i <o 4 -5 1 LT H 5 t^-fT^ r -f 7"v F 

[0 115] [HSSM2] 

[0116] ;;T14H*iJOH*TFTt , 

- h fI^lg»0SI^ ) F T ^ |nI-a6BLh^ 

mt&ijmt l z^xj:mizm~oxmMizmmt& . m 

l. mmimmz^&fzMz. CMOSEi®^ ni-^ 
*)VWT FFt Wtth z t izt& . 
[0 1 1 7] 05 (A) tfc^T, 60 00(4B^tt& 

7xs«. (jtae^(4xxy^x*M) m 

JiELTTifiH L<(4SS^±^tt-!.ffi«) 
[0118] ^ta^ffi^7-/S^#tf7°^X'-76 0 

0 1 axmrnttzm, ^^mmLtzmme 0 0 1 b±t 

2 0-60 5 Onm (if* L<(4 3 0-8 0 nm) Off 

(4. T^XvCVDSmfy'J^ylJ 5 3 nm« 
(4. # H B H M¥»ft^«S H H H ^2»#:M^I) 0 , W&Wi/ 

rmm t w&w^ vay&ti&m ummx-mm- 
hz\k mmxh h<nx\ it^iiffMit h&w 

TII^ML^l -fi±a»Bfiat«S=SrV^ tX 

zmmnmmm<c\tmmt%<o. fiti»TF 
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[01 19] *lt, ^commsmzmL-zmk 

iC^ V 3 ym& t> ISh h b*:^ U 3 y«6 0 0 2 £ffMlT 

0 6 5 2^«t«$tl^M^-r. M^tcS^ 
ffl^ 5 Ssi^T't^iCy 'Jayl6 0 0 2^il 

STcSfc LT->y^ (N i ) £^rUd§M£xt°y 

M«7uSfcLT(±-v^;Whti. (c 
o),l(Fe), A'7^A (Pd) , fii(P 
t) Ji(Cu),i (Au)^JflH4;tm 

s. 

[0i2i]Jfc, ±fEMt^S«Jni@l±, ]^y'.x 

y-?x? mm Ltzj ty&xmt td±r k-k 
h cox" , m«t l * @ffis:ff Bg-ri. ita« t £ 

[0122] ifc»flfc<3Igfc$fc4o"C, #JWt>-y 
3 yj8«o-&* t i & j&\ 4 0 0 - 5 0 0 °CT 1 

WS«^i\ 5 a t om%fl 

SKStfiftT Ltzt>, 4 5 0 °CT* 1 BSISfll8tf)**aj 

k&^t 5 o 0-7 o o°c ammzit 550-650 
°o ^iasEf 4-2 4B#r H iojnwi^jp^-c^w^ 
u 3 vmmm. & n 0 . *^si^jTi±a«i?HMT- 6 

0 0 °C , 12 B#r B 10jD»I SrfrV ^MUti*- U 3 yJKtf) 
[0123] ^flfy y 3 yjBSfcfiMfrffcS a 
3yMoW$(iS^# H H B *^U 3y^oW§ <*^tt 

it(i53nra) £<0h 1-1 5%gS^Lfc. (0 

5 (A) ) . 

[0124] * LTlS B H H Wy U 3 yd 6 0 0 2±KI8fc 

^jK*^5r5 1 3 o nmcomzmmtime 003 

^«Lt f L TSIb® y V 3 yflg 6 0 0 2 7 * 

u y?W£ffM-f i^t, ffitm«6 003 

□gP6 0 04^iiL/i„ (05 (B) ) 
[0 12 5] ZLXVi/XWX? $ 0 0 5£I&*L£ 
ISs^y U 3yM6 0 Q2*<7>-v>T)VZ ] m;'t 
4£tf>fc, 'jy^F-hym. -f&iy iM6 0 
0 4 tlSfPsMy U 3 yjg6 0 0 2 fc U V^K-t^ 

K-b°y^'«iitj±fc, §MT-'fi£l4*llBtft§l 

6 0 0 7 tOifS L , U y^YSHM^K 6 0 0 7 

[0126] k- ty/ii u y ( p ) coas** 1X10 



20— 1 x 1 0 21 atoms/cm3gIt^l.J;^:I 

s&u;. *sat«tii, u y ( p ) 5 x 1 o 2 » 

atoms/cm'fc44±5t, -f*yK-h°y?H 

[0127]^, a ^yY-romomm&M 1 0 

kevtL/l. 10 kevOjD5imJ±T"fetm\ U V\t 

ummitme 0 0 7tojf§& 1 0 0 nmjiLtfc-rs tti 

[0128] *tf>&, 6 0 OT^SHSHMtT 1 - 1 
2B#d (*H8fiMT(il 2B#PbT) i7--;H, -^^ 
;p7SR^y •/ ? U yyit'H ■ot. i» i 0 - -y 
y y^^-ttJotiS i t ££4 . 6 0 o°c^ffi<7)t 

(05 (C) ) 

[0129] #WrMtH6 0 0 3m^t LTX 

■yf-y^L, y -v ^ u y^iaw 6 0 0 7 . 

(05 (D) ) 

[oi3o]* iximmme 003 t^LJtftt; 

(06 (A) ) , ^ B %W , y ] Jayme0 0 2miXi 

izmme 0 0 1 uzwitmmfr^mitmb 0 0 s 

a*»SLfc. ^ltWC(i2 0 nm^)Ji$ffML 
fc. (06 (B) ) 

[0131] ^t^ a B B «y y 3 y^ & 003 mimn 

3y)i6 0 0 3^yy3y^S^±(f\ JK^M^tt 
*HJfiM-C1i. 9 5 0*CT"|g*#HmTT"iM 
^BlMyy3y|i6 0 0 3^dJJ^ 1 5nmSI« 
(06 (C) ) 

[0132] ^LT«ttJ;yi¥$^i<*^^ 

W«tIl60 08b&^L (06 (D) ) , 
--y^-fSClfcti^T, ^*JS6 0 1 0. 6 0 1 

1,601 2»U;. (07 (A) ) 

[0 133] -f-LT, ^»#:M6 0 1 0, 6 0 1 1, 6 

0 12*ao-CHiy-MSSJi6 0 1 3i%M§tl 

iy~h^mm6 0 l 3^, *«?)JgJP^5~2 0 0 nm 
(ffSL<ttl00-l 5 0nm) t^SidtffMt" 

l4 0nmtU;. (07 (B) ) 
[0 134] K(:WyXh?^^6 0 14^*!lffltTH 

1 y- h ffiliM 6 0 13 co-m x .y f - y ^-f 5 ; f: t 

t@gf^t ( Csl» 6 0 15 &ffML/S 0 K-h°y?" 

«jn5imj± 1 0 k e vmrcfirv\ y y ( p ) 

1 X 1 0 19 -1 X 1 O 2 «atoms/cm 3 gl(;^ 
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xoicMBitz, xmrn-ei*. >)> (p) y>ii«^5 

xlO^atoms/cm^MJ;^;, ^y]^- 

ty^iHf&fflv^ff*5fc. (07 (c) ) 

[0 13 5] Vi?XWX9SQ I 4*m£Lt&. W, 

o i e^MU. TCHWtfi. M2 

y-HmmeO 16Z>$£ff(i5~2 0 0nm (*?£L 
<ai00-150nm) k tillf 0 *H»K1i: 

Jgffj^Onmfc&SiofcJ&fcU:. (07(D)) 

[0136] ^ixmimmmeo 1 7a^2#«g 

6 0 1 8£)llffcJFMUc 0 *SlftMT1±^-F€«£# 

[0137] ^LTl^Pi56 0 0 4®.mg H B H J|y 'J 3 y 
I6002OP ft^iT F T^'ffM SfLiSW 

U 3 yjR 6 0 0 2 ^ n f-v ^/HT F il^> 

«*at^ny(B) £F-by?'L£ F-by 
/t«ffi3 0 k e vgjrcfrvv tfuy (B) com 
1^5X10^-5X1 O 18 atoins/cm 3 gj||: 

^txdizmmifz. *mmea, *ny (b> «o* 

Jt^'l X 1 0 18 atoms/cm3t^^tL^. 
^ny (B) ^Mi^^yF-r-ST-HtttTi^^ 

6<;HtM„ ^-LTlS H H H «^U3^li6 0 0 2cO 
cfc-^Ttis L^v Mt«ffi£M»iWc^*'ay 
(B) ?(i&<uy (P) ^m&DLT&ilv^ ££?tf> 
*'ny (B) jgjntiifc-f L&^-c&i^ l^ifyy 

3yl6002«*'oy(B) £%&n t tzffift ( 
;H<-rSf ) 6 0 0 6(4 nft^HT FTOLI V MI 

Lir-ofi. (08 (A) ) 

[onsigi mmm eon a ni^^a^tt 

Jg B H B fyya>'m l ), CVD»^l 5 On 
m^J?T-JFM§5flTV^ 0 ^3tS2#mJS6 0 1 8(i 

?y^f^'Jt>f Ft* 9, ^^^yy/(;j;0 

1 50nmOJlJ¥T1TM$3h/O^ (08 (B) ) £ 

Bi^t m^cox-^wj:mmx'fc% . 1 «mii6 

02 1l»^/KTaN) . it^y^fy 
(wn) . mt^-^y (TiN)E ifcy^fy 
(MoN) . j'y^fyy'Jfn', f-^y^u^>f 

FS^(±^U7"t>-^U^ FT«LTtlK. JfI2 
*l€§l6 0 2 2(±^y^ (Ta), ^y (Ti), 

ty^fy (Mo ) . j'y/xfy (w) ^stjftut 

o-Ta^l) TfMUfcS^. 



[0139] mmme o 1 7&tf®23W£K6 

o i8^^--y/U pft*;HTFW-b 

1S6 0 2 0. nf+*/HOTFT6 02 1, 6 02 
2. Csii6 0 2 3JMU; o (08 (C) ) 
[0 140] ^LT^-I-€«6 0 2 0. 6 0 2 1. 6 
0 2 2. CsmS6 0 2 3*VX^fctTf[JfflL. 
*JH6 0 1 0, 6 0 1 1 Stffiftl6 0 1 2 O-gfifc 
nlj##t5^»ftj F-by?T. ^^WIJi6 0 

T(4. yy (P) (As ) £ffl\,tfltfa<, 

myy (P) £rmfjrf^<. ytxy^y (ph 3 ) 
£fflv ^-y F -rife* Sffl Lfc . F -b y ^i4M 

flffi4 0 k e VgirrtfV\ U y ( P ) (9«BE# 5 X 1 
0"-5Xl 0 18 atoms/cra3gIKSj;5t 

mmuz. ^mmrnxn. mmmme o 2 4-6 0 2 

9cOUy ( P) tf9iftgj&*l X 1 0 18 at onis/cm 8 

t&s i -5 4 *y h*-ey^§SB£ffl^t;?T-5fc. 
*B»i»4rtii . ^ ; xBfcztiKmmmm 6 0 2 4 

-60 29 nM&##"f S^*fi!^<?)?ftKS- 

(n-) fcfH\ (08 (D) ) 

[0141] &Kpf-**/l^TFTfc£S33WMR6 
0 10b, n^^STFTfc55rS^m#JR6 0 1 
1. 60 1 20^gg£«5 ±^CI/^b7^6 03 
0. 6 03 1. 6 03 2£JBj£Lfc. ^LT^'XF^ 
^6030, 6031. 6032 fcflJfflLT^WttlR 
6 0 1 1. 6 0 1 2<9-»tenS£tf-£-f£ ; WBs£ F 
-by^'U 4\«Ui6 0 3 3-60 36 IffMl 

[0142] 4^S*M6 033-6036 ?)ffMi4. 

7tx7 0' (ph 3 ) ^fflv^-r^y F-ratiT 
t\ F-by^«Jo5I€)±4 0keVgST"ffv\ yy 

(P) CDmm&5xl 0 19 -5X 1 0 2 »at oms/c 

mme 0 3 3-6 0 3 6oy y ( p ) nm&tfix 1 0 

"atoms/cm'tiiJiotLt. 
(4. ^clT-ffM§il^^lfflfIii6 0 3 3-6 0 3 6fc 
ll^tll>nS£ttW£^»^m8£ (n + ) fcH 
•To (09 (A) ) 

[0 143] yy'XWXy-6 0 3 0-6 0 3 2£G&£ 
t. nf t*;«TFTt^5IMy'C s 
£]^\XhVX?6 0 3 9T1I-o*y ^LT^W#:)16 

o iotpl^twa» P-ey/Lfc. 

ftWCJi. (B 2 H 6 ) Jffl^fc>f^yN'-7l 

T«!H!lffiJi60 37. 6 0 38JMUy F-by 
yl4JO}I€J±4 0 k e VgET'lf l\ *'ny(B) C0?f 
mP5X 1 0 19 — 5X 1 0 2 »at oms/cra 3 ]II(; 
=5:5 i o t^lSftt. *^ffiWT1i. ^MfefM6 0 3 
7. 6 03 8Wny (B) WJIE^lXl O 20 ato 
ms/cm^^U^CUc. *B8ffl#*Ttt, 
t"ffl?.5Jc§ 7 ifz^mm ® 6 0 3 7 6 0 3 8 (C^s^U, 



(a 5) J01-196590 (P2001 



-,9 0 



pmmtt&^mmmtoim*: <p+> 
^mmme o 37,6 0 38nn KtmxsT^M 
Six^uy (p) ifctitfny (b) j&j-a-afL-cv^s 
W^bLT+^ftWiETtf'ny (B) &WM 

mgrnz^x-hzbittw (®9 (b) ) 

[0 144] kyXh7X^6039^iiU;i, ffi 

0 4 0 jmu. *e»6 0 4 oaa-ftasn 

J&>£>2:9, CVDffi£J:^TjKW7 0nmfcJftfc3*l 

a. (09 (o ) 

[0145] mzmm%m%T. s 5 o°ct-3 o^-o^ 

#¥SE#]8 6 0 10-6012 F*IT« LT h «S 
6020-602 2<9T8fffc£ , n&& I 5 . y-h«B6 
020-6022 <7)TmziZW:-f&T4mWM6 0 4 1 
-6 0 4 6^LovfIl|Kfcft-rS o ^fcy*-h«S6 0 

20-6022 oTiitem LTfc ^-f , ^mmm 
(v-xmrnttdzvi/j ymm) eo 33-60 3 6 

t«LTl> 1.^*6^1*6 0 4 7-6 0 50*Loff 
mt^tl o «1IS6 0 3 3-6 0 38, 6 04 1 
-6 0 5 0li±fE»It:j; oTSttftSftl.. (Hi 

0 (A) ) 

[0146] mzmit^ u ^ yxiiUMka-fi:^ u 3 y£> 

6£S8&l^Jfia*BlftJi!l6 0 5 2£5 0 0-60 5 00 

1 0 0 0nmCDJ?§TffMLt -t<9», V-*WM£ 

f*-;^MU y-^iem60 5 3, 6055, 6 

0 5 7L, FW >WM6 054, 6056, 6058 

OV-Xffill, KWySISt, Til60nm,M 
^tfTil4 0nm, S i %&&T)l> 5 3 0 

Onm, Tijgl 0 0nmJXA".y^taiUM 
L3t4JfflUt^SJi]Sf:tfc. (Hi 0 ( B ) ) 
[0147] &tV-7|£§|6 0 53, 6055, 60 
5 7L, KW>«60 54, 60 5 6, 60 58£ 
S-5 J: d izm 1 Mr B 1ffi»6 0 5 2±t^tS*M*^ 
MA" 7 y<-y a yl6 0 6 0^2 2 0 nm«0J?$T 

j&jfcti. (Hio (O ) 

* >/ y^- >- a yn 6 o 6 o £ a a i o [z txm 

2 jfnsiesii 6 0 6 i mm as. ^ ois 2 /msh 

JI6 0 6 1(477 U/Mgj&^SrO, ff£#8 0 0nmfc 

[ 0 1 4 8] 77 U/Hi*»t^ll2JiStt&li6 0 6 

1 & 1 5 0°C, 0 . 3 h r«§fttlD»Lftft, ^2)1 
HS«i§l6 0 6 1 OiCT i MifcttT i £±jfcfri:-t 
SJ¥§#10 0nmc7)ig3flg6 0 6 2£jgj£tS. (0 
10(A)) 

[0149] ^LT, it«6 062^^3 «fc-5fcS&2 

mmmmme o & 1 ±i / zm3mrmmm e o & 3 



L 7"* , |l3lP a 1ffi§iJSl6 0 6 3J477 y/W£j&^&9, 
^<7)J¥§(i5 00 nm-1 0 00 nmT"ffM§ni> o * 
HSSMT14I? 3 Jffgl&i&jgg 6 0 6 3 OlfS £ 8 0 0 n m 
tit (010 (B) ) 

[0 1 50] M3Mmmm6 0 6 3lZliay?7h* 
h . *HJfiMT(4BS«flg 6064OJ¥§&2. 8 ju m 

fcUfc. B36mffi6 0 6 4{4r7777 hft-fis&ftix 

f w yidH6 058 tm^wtsM^s . Bums 

6 0 64f4S B JWm§!£ffl^;flf4&l\ (010 
(C) ) 

[0151] ELL^i 3 #3&BJto¥#flsgMfi h*7 

-y A-nrc&fc j: t^'B*-? h u 7 x mim« 

LTfcD, ^ix^Offl^mti;oT0JI.<^f|ffl^B 
£#£0 * lt, ^4^mM3^t^£ii n D nfcLT 

[0152] mmm3)^mm^mmixm^iitz 
cMos®$^mmmmx%n$mwm (77^ 

7 V h >J 7 xmW.^BT ^ 7 7 W , T9t~ 4 7*~? h y 7 

[0153] ^«%tt^H#§t LT(4, t'f**^ 
7, f>'?W^7, Tny'i^^- (U7S*fcl±7 

fa7i^) , *-^fy-y 3 y, ^-xr^^, 
h°^-^, »W^t/-c(4€^»^) %ZWW?t>ti 

h« %tit><ry-m*mi 4 . 01 satxni 6n^t t 

[0 1 54] 014 (A) [iA-Vt^nyti-^t 
ftO, **2 0 0 1, Bf^A^2 0 0 2, ^3P2 0 
0 3 , H 2 0 0 4m^t£. *^BJ!^BfiA7J 

352 0 0 2 , ^gP2 0 0 3^-e<7)fffi<7)fI^-$lJ«@JJ^t 

[ 0 1 5 5 ] 0 1 4 (B) fitfr:*** 5T"fe 0 , 
2 10 1, S^ii2 10 2, W^A*SP2 103, fl^ 
X-Y yf-2 104, A-y-f'J-2 10 5, gftgP2 1 0 
6^^#^ 0 *^^^gp2 1 0 2^^^ffiOfI^J 
»0»fc^affl't«. - fc ^T# !> . 
[0 1 56 ] 01 4 (C) ti^^^aytjL-^ (^ 
-e^yCa-^) T'fcO, **220 1, 
2 2 0 2, gfftai2 2 0 3, - 7 f2204,i 
^g|S2 2 0 5^£fr&o *%BJ(i;||^2 2 0 5^t0 

\mm^®mmmzmm% h „ 

[ 0 1 5 7 ] 0 1 4 (D) ttrf-^l/Mr ^ 7.7V -f T" 
^0, **2 30 1, ^i52 3 0 2, T-AgP230 
3^^#^ 0 *I»^§P2 3 0 2^^^ffiOfI^J 
- fc ^'T§ !> o 
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[oi 5 8] hi 4 (e) (47W7A£fenL£faii 
mw. arF, mm®.m-£) zm^hrv-^-xh 

0, *#c2 4 0 1, H^g|i2 4 0 2, Xh°-#§|52 4 0 
3 , fBIM#;2 4 0 4, WfryA 7f240 5^£-& 

z<7>7u~*-nmmmbixDVD (d 

igtial Versatile Disc) , CD 

f- £ ?f 0 £ i: tfX # £ . j^gp 2 4 0 2 ^<7) 

[01593014 (F) (±tV^/MM 7T"£> 0 , * 
ft2 5 0 h H^§K2 5 0 2. SBM3I2 50 3. MfKX 
^7^2 5 04, gffigp (0^L&^) ^£-£tr. *E 
Mf!£H^2 5 0 2^^0fffi^fI^MfP@E(-ii.m-f 

& £ t I) . 

[0 1 6 0] 01 5 (A) (i7nyM7nyx??- 
mfmW26 0 1, ^^'J-y26 02f^ 
tf. #3£H|I(2*£|fgg2 6 0 l^-SI*ffifi!c-f £}« H B B f! 
^§IM 2 8 0 8^^^ffi^ff-^$[JfP0^iCjiM-ri> - 

£ . 

[0 l 6 l ] 01 5 (B) iiumrn^x^-T* 

0 , *#:2 7 0 1, Mf^tt 2 7 0 2, =7-270 
3, ^^U-y2 7 04^**tf. *?P/f4&It^2 

702 cD-^mfctm&m^mm s o s^oah 

[0 1 6 23 =3:53 . 015 (C) (4, 015 (A) M>* 
015 (B) tffc$3(t4iS«t§6if2 6 0 1, 27 0 2(7) 
ffiit^-M^SL^0T-*>l> . 6 0 1,27 

0 2(4, 3tiB3te¥3S2 8 0 1 , 55-2 8 0 2, 2 80 
4-2806, 7^57-2803, TUX 
A 2 8 0 7 , ?g H H H HSgE2 8 0 8, fifflH«2 8 0 

9 , ®M%mk 2 8 10 T«£fll> . fftftfcfe^ 2 8 

1 0(4, situyx**trit^-c«jS$iiS. *Htt 

m\±^jmm\^Ltzt\ wzw&tv?. mum 
marc$>r>xi>xw ttz. 015 (o *£t$\*xx 
m^uzytmzmm^m's.. m^wx*?^ mym 

i,, 1 R7 * )Vj*m<n%mk*Wi.wxi> x\>\ 

[0 16 3] £fz, 015(D) (4, 015(C) tfilz 

t5if&%mx&% 2 8 0 1 io^o-w&^LfcHTft 
5 . ^mmmxn , 3\m^ 2 s 0 1 (4, >j7^^^ 

-28 11, 3ft!12 8 1 2, l^XTW 2 8 1 3, 2 

8 14, m% 7 mm^-2 & 1 5, *^^yx2 s 1 6t- 

«§^l> 0 015 (D) fc^Lfc3t3S3E3*i&i 

M\ fiffl^£i«-|> 7 >f , I R 7 4 ;W^<z>3e 
[0 1 64] fc£U 01 StSLfcrni/'i^i'-t 



Mum^Lx^w 

[ 0 1 6 5 ] 0 1 6 (a) im^mmxfc 0 , **2 9 

0 1 , f7&tfJ7Jl52 9 0 2, W^A*»2 9 0 3,^ 
152 9 04, flft^X-f 7f2 90 5, 7yft2906 

2903. 9 o 4^^{mimmmmuzm 
t o 1 6 6 ] 01 6 (b) im^mm (m^mm) xh 

0 , **3 0 0 1 , 0 0 2, 3 00 3, fElfS 

#3 0 04, W?*4 7f300 5, 7^3006 
^££tf. *«4S^gP3 0 0 2, 3 00 3**0)® 

[0 1 67] 01 6 (C) {4t4 7.7°WC& i 9, 
3 10 1, 3df£3 1 0 2, fi^iS3 1 0 3l?£Mf o 

Mm\m*m>3 1 o 3 taffl-t s z. t § . *n 

0 , Mft io^ y^jjLh (mz 30^ y*J3Lh> ^ 

T^77°W«4^iJT*£ 0 

[0168] y±comiz, xmrnimmmwizmx 
ik < , h t> vp h mmxmbtem-th z. t mmx 
hh, ttz. *mme>v?wgntmm 1,2^ w 
ko^^h^^hmmm^x^mm-^zb 
¥x% h . 

[oi69] eatM4)^atMt(i, *&m*m* 

[0 1 70] 01 7 (A) Ji#H3S!IJ£ffl^JtEL^ 

s;ff7)jiMH'C,r,^, 01 1 7 (A) (•,•;'..-., . 401 

0{4«, 4 0 1 l{4MSi5, 4 0 1 2i4y-X«ffi» 
40 1 3(4^-MIiM»0^T"fcO, ZtL&tu?) 

mmmmmM 0 1 4 -4 0 1 6 ^g-r f p c a 0 1 

[0171] Cl7)t§, ^5r<fctHlf^, ff^L<(4 
»0US&t«gP*HO i 3 1 LX fis<~M6 0 0 
0, y-yy/S(A^y>^lHl^) 7 00 0, 

mm (m2co^~v vm) 7001 mm^h.x^ 
1 0 1 7 2 ] a 0 1 7 ( b ) i±#mm<?)E lh^ 

HK^BfffifiRiT-* D , mm 0 10, Tffi^4 0 2 1 
«±£!Bi«fflTFT (fit, ;^T"(4n^^^M 
TFTtp ^^)Vm.T F T £ 1&&.&irfrfc CMOS0 
»£0^LT^&. ) 4 02 2&lfl»3fflTFT4 0 
2 3 (fit, ^;t"(4EL3|^/\^m^£$[Jffl^l>TF 
TO40SLT^I> O ) &&tf&tiX^&. Zti^T 

[0173] *H^BJ!{4, gES&ES&MT F T 4 0 2 2 , 
HSgPfflT F T 4 0 2 3 tit LTfflV ^ d & . 

[0174] *B$PMm>xmmmmT ft 4 0 2 

2 , BUtgPfflT F T 4 0 2 3 ff^fH I tz h , fflBS5f^4 1" 
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%&mm®m ( wfui) 4 0 2 6©ic«ifflT 

FT4023«KHyt m^S^tgM 1 1» i§ WIC! 
T"5:l> HSm«4 0 2 7 ZBtftfrt . jfHJPimJIi: LT 
(i, IMMy^Afcl^kXX'fc^t^] ( ITOfcO? 

ffl^l, ^ fc I). -f-LT. BS€S4 0 2 7 £B$L 
Lit t, , ffiUPH 0 2 8 ML, HSm#4 0 2 7 _h 

[0 17 5] mz. ELJg4 0 2 9£jgjfctS. ELM 
4 0 2 9tt^E LffiSf (ItyiiiAfL 

use* . vmmmtMmT&xm ) $■ i a tffl»^ 

[0176] *^WC1±, ^ F-VX^^I^TI 

5-$h*mmb%&. soffit; &$mm <cc 

M) fc*9-7-f;^-^ffi*^*HiTt^ fifilBt: 

[0 17 7] ELl4 02 9*3BlSLfc^ ^±tlt 
®4 0 3 0 JffMfl . FtS4 0 3 0 t E L/f4 0 2 9 

mtlYK fct, *S^T"ELM4 0 29t^tS40 

3 o *mmm&i)\ e lji4 029 wstti?Hm 

T1FMU ^8?KL^UT-ffS4 0 3 0 S^jattS 

[0178]^. ^mmmx-nmm 0 3 0 1 lt , 

LiF (7WkUiW0 HfcAl (r^S-^A)JR 
f)Sm«3IS:ffl^S. HfWjfcttE Lf4 0 2 9_ht^ 
#&T"1 nmJJOL i F ( 7 ■y-ftU ^"7 A ) K£jgj£ 
U ^O±£3 0 0nm)¥O7/L'$-^i«ffMt 

i>&^. ^LTP*ffi4 03 0(±4 03 lT'^Stll.^ 
fci^TfflH4 0 1 6 £883*15. £&4 0 1 6 (±11 
S4 0 3 O^fltffB iStfc^liftMtfe 
0, «tf^.-XbMS4 0 3 2^LTFPC4 0 1 

7{Ctg^§il|, : , 

[0179] 40 3 1 t^$flfc<i«tfcV^ltS4 0 

3 o i: istt4 o 1 6 k znm^zmm-htzmz^ mm 

fflm4 0 2 6RVmm4 0 2 8Ca>^? hriwL 



s^aw-i^B**** , iru-,{.±ir B w^4 o 2 6co 
j ?«ssas4 o 2 8 ox v^y/m ( e lji^miwip 
2 8jx 7 fymic, mmmmwA o 2 6 a 
2 6 tmmm4 02s &m tmmmmT^mi, a y? 

7 h iti-iMnmtt: Ml & i> fc i-l .1 k h . 
[0 180] ^Oj; -5 £LTffM§ix/iE LifcDSi 
£S~)T. A 7 yK-y a yl6003, S«W6 0 0 

4 . ^<-tf6 0 0 0 ^'ffM£ti£ . 

[0181] ELgt^aSfcHtfiotLT. * 

A-#6 0 0 0 fcffi£4 0 1 0«Ifcy-U y?W 

$ ty- u y^"W7 000 <mmz\$$m 

tt(»2«^-'J^) 700 l^'JFM§tll> 0 
[0 182] ^tf0t#, itO^lWG 0 04(i:, 

ttbooo ^S#1-|>/sftoff#mt Ut«»tS . 

5t«W6 0 04fcLTf±. PVC (^Ut'-/^n5>f 
F) . x^dr^li. ^<)a~y®m. PVB (^Ub" 
-)I71~7)I) 4fc(iEVA (ifkyh"-^7tf- 
b) Sffl^iifcs^Si. ^cD?£±»fa6 0 0 4O^lgP 

[0 183] ?t««6 0 0 4O^£X^— 

^S-rrfci^. z\<7)k%. tf-S:BaO=SrH' 

[0 184] X^-ff-fci&tJt*^ A°v^-^ 3 
y|^6 0 0 3 (±X^— 9--E^ iBfirf & <! ■§> . 

[0185] tit. Jttrf-#6 0 0 0 k LT{±, 
^ s Xx>-yX^, FRP (Fibe 

rgl ass— Reinforced Plastic 
s)S. PVF F) 

^7^;^»^;t^tll»„ 3t«W6 0 0 

5 xr> -{;^PVF7^^^7-7^^t 

[ 0 1 8 6 ] fflU E LS^^^Tfe*^] (3t^KW 
^T[tl) tiotll 0 0 O^'Mlt^^S 

[0 187] ifc, iK4 0 1 6{±^-Uy^7 0 0 
0ij±i;^ffl7 0 0 1 kMU4 0 1 o fctop^&ao 
TFPC4 0 17K«fcWKSBH!3;h.S. =Srti. ^^T" 
(±ffi^4 0 1 6£o^TfMJL)t*\ ffiOffiH4 0 1 
4. 40 1 StRlCUy-y^'ftTOOOfciy' 
gM7 0 0 1 WHIotF P C 4 0 1 7 £1MW£ 
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[0 188] [H»j5)*H»jT"tt, *B&HHS:ffl^ 

fcOWC, HI 8 (A) , ( B ) ^ffl^Ttraf J . 0 
17 (AK (B) t^t#^itO(±|Hltg|S^^L 

[01891018 (A) (i#§6StW<Z>E L^S§£Mtf) 
±mmTfc 0 , 0 1 8 ( A ) £ A- A ' T"«Jf Lfc WOT 

^iai8 (b) 

[0190] SU6^J4 fcfto T . E LS^Uffl^a^ 
•C A y 5^- 3 yjR 6 0 0 3 4 ? £ j&jaw- 4 . 

[0 19 1] §£>fc. EL^SrSo iattT^««6 
0 04£|^tSo ^3t««6 0 0 4(i, *A-M6 0 
0 0 £»Wcft^fi*FJ t LT tffiigf S . jzmt 
6 0 04t LXii, PVC (^yh'-/^n5^ F) , 
x^yfij^ ^U3-yflfBH. PVB (*°yt"-;F7" 
-f^/F) itliEVA (Xf- pyh'^FT-bT-F ) Sr 
ffl^ & £ 2: & . CI 6 0 0 4 tf)|*rgPfc:$iyi 

mm»xa< t , tsM^fisti s^tu* t 

[0192] Si*W6 0 04<7)ttitX^.-^-£ 

[0193] tf-£|ftWi*£, ^-^3 

yfl 6 0 0 3 £ i: 5 . 

fnf S ffifllflS* t" fcfftttT J: ^ . 
[0 194] #^-#60 004: LTii, #7.X 
T/FS-^S^ XfyWl, FRP (F i be 
rglass — Reinforced Plastic 
s) «L PVF (^'Jt"^7/^7^ F) -7<UVJ** 

4fcLtPVB^EVA^fflU5i^ ft+jum^T/L' 
$-7A;F.~1/F£PVF7^/FA^V^ 7-7^/FA-T 

[0195] flU EL^#>£>tf>&3fcfir[p] (3fe7)iScW 

[0 19 6] mz^ ffi$tt6 0 0 4£m*X#rt-tt6 
0 0 0 £ffi#UciL »M6 0 04OfflH (ISSffl) 

^600 1 (i^-U y^'W LT«l&t5 ) 

60 0 2KJ:->Tg#§;ft.5. ^Ofc^. y-'Jy/t 
6 0 0 2 1 LTii, 3E8Mbtt«UI*ffl^S<0^jff i Lv> 

-T ^il^^fMI^^W U\ ifc, y- 
y yme o o 2oM;^MM£^JnLTfe-oTtj| 



[0 197] ±tz, ien4 0 1 6(iy-yy^"W6 0 0 

2tm%.4 0 10t«^I-)TFPC4 0 1 7fctt 

•CfffiHLfcA 1 , ffiOEH4 0 14, 40 1 5 tR#tL 
Ty- l Jy^W6 0 0 2«HI'>tFPC4 0 1 7K 

[0198] mmme]zzxE ^m^^Mzanh 
mmm^ ^zmm^mmmmmi 9 mmm 

02 0 (A) fc, 0S#0£02O (B) 01 

9, 020 (a) &tx (b) xn^m^mm^h^ 
xm^m-mmw 

[0 1 99] 01 9lZ&^X. S«3 5 0 1±tg(t^ 
*lfc*>f 7f^7'fflTFT3 5 0 2(i«I%BJONTF 

TW77F? 1 - Fffi it fc LT US fliJtat^f^RT n 

7>vy~ vmnt-fh ztx^mmz-mTFTtm 

[ 0 2 0 0 ] ttz. «SBWaifflTFT3 5 0 3(±*IB56 
BH<7)NTFT£fflV^TffM$tlS 0 ^^t^, ^^v^ 
y^'fflT FT3502OKW ylSIt 3 5 (±Eff 3 6 1 
i o T «S6IB»fflT F TW- h mffi 3 7 tUStWtffi 

y^fflTFT3 5 0 2^7 1 -F«^3 9a, 3 9b£H& 

[02 0 1 ] ^^t^. m?fL§lJfflfflTFT3 5 0 3*** 

m\wm f t{±e L^£^i>m^*£$ij»t-i>^ 
>y y rt«t s^-ftwfeKtt^^^Ti & 

€^$IJ»fflTFT<7)Fk^MMt, y*- 

znv&*mm<mMimt>ximx'$>&. 

[ 0 2 0 2 ] £ . XmmXteWfiMWM T F T 3 5 
0 3£yy^VF^-F«itT"0SLT^I>*\ St?)T 

5 1 1 , ^ROT F T £M50to*{f THWWt^^ ^ 
;WgJS««^ ^Rt^M L . ^ Mf £Sv ^#T1t^ 
Z>£ol,zLtzffimklXhm\ zn£o%mmiMl<z 

[0203] ifc. 020 (A) t^J; o ttSESfl 
fflfflT F T 3 5 0 3 tf>y- Fm® 3 7 t $r$K!Mi 3 5 
0 4T*§^SnR«T'\ m?I|IJ»fflTFT3 5 0 30F 
k-fyffifl4 0fcieSM£^LTfi^l> o 3 

5 0 4 T*§tL£»c(±3 yfyWffM§iii» . ; 
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yr>*r 35 oa nWifiUmmT f t 3 5 0 3 coy 

t^l> . KM >M4 0 (i^ffim (m« 
IS) 3 5 0 ointfeeii, ^{i-7E^rn^>ijn^^ir: 

[0204]X^ 7fy/MTFT3 5 0 2&tf«8BH 
WTFT3 5 0 3cO±,{Z\imi^'V^~^symA 

i ^is^tu ^«±w«e«T-^i>™tM4 2 

tm&Ztll. ¥±B^M4 2^ffl^TTFTtj;§^|| 
E LM(±#^^3u/i*. f£^»f £ Z btzX-oX 

[ 0 2 0 5 ] 4 3{iKIttt^l«MT-^I.B 

urns ( e Lm=f-<mm )xh y ). wfcvmmT f t 3 
50 3«fw > ttmiw-g^sixi> . wim«4 3 

^«K£«m§m tz\±zti^mmm?tmv^ z t 

[0 2 06]^, «il (*f£ L<li«|]|§> T#fi!c§ 

(iHB?IU«LTi^ri^\ R <*K G (8) , 
B (#) <0#fet*fJiGLfc»3te«^ l 3Wn"t^v\ 

f£SW&*°y^-^«f4t LTii, ^'Ja- 
77^-]/>V-Uy (PPV) ifi, ^'Jb"-;^;WS' 
V'-;l/ (PVK) #y:7;l^ky^&fc>W£>ft 

4. 

[0 2 0 7] PPVmritELWflfc LTi±«^ 

£Mc0i>tfD#£>£#, flJi.!f TH. Shenk.H. Becker, O.Ge 
lsen,E.Kluge,W.Kreuder,and H.Spreitzer, "Polymers 
forLight Emitting Diodes" .Euro Display, Proceeding 
s, 1999, p. 33-37 j ^fBFFl 0-9 2 5 7 6^fgfcie 

[0208] mmmmt ixn, mmzmt-ti 

-t&ftKMlztetf | J7x~l/yh~i/y 1 

5 IS3rJit;(i*° U 7x~i/yt~i/yf L< Ji* u T/t- 

df/l^7x-ky£ffl^Mmv\ MJ¥(i30-15 0n 
m (if* t<«4 0-1 0 0 nm) fttUH^. 

[0209] fiu mimumMbLxm^hc.b 
&mit->tz<^\ mm . mmm & tzimm^ 

AM* iE^dfi^b-ttTELl (mtRU^tzibcD 

[0210] mm. xmmmxiixo r-mtmm 



msm&ommmm^ &ztt> ^mxhh „ z ti 

[02ii] j£mm\x\imm a 5 pedot 
(^JW7iy) i/it±PAn i (^yr-yy) x 
^^m&xmA 6 & mtzmmffiknE Lmttx^ 

60 ^LT. iEfLaEA)i4 6«±t(i3iH15W€)lT-^S 
^S4 7^ig(t^iX^». *HMMt0±l^. IS3flf 4 5T" 
£]SLZtut:MZ±Mffl lz fofr-o X ( T F TcdIJjIz fafr 

■ox) mMzti&tztb. mmm%&T%iftitt%t>% 
^\ mmmmmt Lxnwit-i yw&bmtt^xtn 
{k&mmw y^At g^ist ^xt^s- m\> ^ 

[0212] Rift 4 7 itfM$fltfe*T"E L*^ 3 
5 0 5^«» :;tl^ELff3 50 5 

a. fflsms (mm) as, %ytmA 5, iETiaAii4 

6atXHWI4 7T-ffM§il^3>'T>'- t fl:^t-o H3 6 

a t^-f i -5 tHs*®4 3 immcommizim-m-t 
&tztib, mm^fktfELm^tixmmi-t, m-?x, 

=Sr4. 

[0213] fci^T, #HSSM-m, ffiffi4 7<0±t 
§^^2v^y^-v- g yM4 8^|^tt^l> 0 ®2 

^•y^K~y 3 ymA8tixtemmmmttdmik 

zmmth z. t xh o . L»wtc i 
riy; . ^ntELw^^^n^x^jfuismft 

[0214] &.±C0X o [zMmm^E Em^r^Ml 
W&MCO+Mzm a^yfy?lTFTt, *7F^f 

^yraEAt^^m^JfflfflTFTfc^^t-So 

[0215]^, *»sm«w±. mmm 1.2^ 

ttz. mmmscom^mmcomTr^tLx^mmmcoE 
Lm^m^mv^ z t immxh h „ 

[0216] OTM7]*»SMT"(±. SlfeM6^t 
fc^SPttiV^. E LIS^3 5 0 5t0lfji&KIS§^ 

ti. HI 9^}ffcM^I>^(±EL3|^O^fc€^J 

»fflT f Tisrch h cox\ *<omcomui i m-r& z 

bb-ti. 

[02 17] i2 1CfcUT, €»£iJfflfflTFT3 5 0 
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[0218] #n*wra, mmmm ( 5 o t l 

[0 2 1 9] ^LT, *^iJiT'-%l>^>?5 la, 5 1b 
$ ± 9 # 'J t' -/^/[^y *- 
;l/t&£f£tyi5 2j&^j£3*U. <ecD±fcii#y^A 
r-bf-^r-feh^-b (ac acKfc^fE§tL§) 

LT hWm-fl . ; 5 LT E L j|^3 7 0 1 
ft*. 

[0 2 20] ^iftffl«0*§£, fBtl 5 2t|4Ltt 
i4, *EPT*$*lS i 0 fcT F T*«§il^a«^ 

[ 0 2 2 1 ] +ltil««ll HfifiMl , 2 to 
fflflSfc § & fcffl*-&;btf -ClOtt S - f: J&*Wca S . 

a , mm 3 oifi^ssif t l x^mmm^E 

[0 2 22] [H»j8]*^WC1i, 02 0 ( B ) fc 
^tfcES&iai:(±M=5r5fl!Ji^B*i: bfc*£tf>Wfc:o 
wt02 2 (A) - (C) fciKt. #£ttWfc*5 
UT, 380 lliXj 7fV^lTFT3802Oy- 
■XffliBL 380 3i£X>f -yf^lTFT3 8 0 2<Z>y 
-MBit, 3804(«SBW»fflTFT, 380 5(43 
yfyf. 380 6, 3808{±mjIf*^H. 3807 

[ 0 2 2 3 ] 02 2 ( A ) (4. ^^B^lT'llStt^ 

153 8 o 6 i^mt hfz%^m\xhl> . W~h. zrm 

wmFwsimm 3 s 0 6 * ^mm^tth j; 3 t 

ffM§ tit v ^ * h „ ,1 £7)^, 

w-ftrs 

[ 0 2 24 ] ttz. 02 2 ( B ) (4, iW3 8 0 
8 MeH 3 8 0 3 t WtfSit^^OMTS) 
S . 02 2 ( B ) TJi*SH!9S8S 3 8 0 8 1 

MM 3 8 0 3 i; PM^c^^X d fc^wyjfiii: 

x ^ h tK wmw* 5 jft^asfts airc&fuf . 

*§^, miUftfell 3 8 0 8 "r~ MSI 3 8 0 3 i; T'» 

iWfSHHtf a z t frxz § . 

[0 2 2 5] 02 2 (C) (4. 02 2 (B) 

itt ^ist;m^f*mil3 8 0 8jy-H»3 8 0 3 

WfcfSit, Stfc, ZoOlfJlMB 8 0 8 
S 3t , m^f*fell 3 8 0 8 £ ^- MM 3 8 0 3 CD V vf 



5 ^ tsfitaKtr s - 1 & . 

"FS^C* £ . t tz , SlttW 3 oHfl§^H^ fc LT 
*^St^BS«ii&*^l» E Li^^/^ffli^; 

[02 27 ] [SffiM 9 ) SltflJ 6 L/i0 2 0 
(A) . ( B ) T14€^M»fflT FT 3 5 0 3 CD?- h 
{z^hn&^\m-fhtz^zay^y^-3 5 0 4£i£ 

T 3 5 0 3 t LTHJfiM 1 , 2 t^rfi 5 %«I?£BJt0 

h„ z?mts^^tiWMM±-wimzy~ v^mm 

^*^nyr>-tf 3 5 0 4coiXb 0 t LTflWWtfflV^ 

[0 2 28] iWSiSJI^^A^^y^fi, ±|Ey 
- h«S t L D DIRK t ^fi* 9 ^otffllC J: Xm 

let *<?)S&r)&~>timmzif&ti&LDDm 

®CD%Zlz£-oXm&> 

[02 29] ttz. mmM8l l Z^Ltzm2 2 (A) , 

(b) , (o cDmwizt5^xi>mn^ ay^y^-3 
8 0 5 *<mt& z t immxfo & . 

[ 0 2 3 0 ] *I1M«1II1 1,2, 

4^8cDm&t mizm^b^xmrn-rt ztmm 
x%h. ttz. mmmscDm^m^com^^bix^m 

[023 1] 

[Hawaii] *WJ!tJ:0, # B B H W^W#:M^^n 

\m*?\/~- f-m&imitmx ^x wmtiz m&mm 

1 0 2 3 2 ] § ^z, zcd£ 0 m^w^mw-mm^ 
hz\h xt f r<m m ft±.z#. z\m 

[01] mmm% t Mfflm<wminz*?M. 

[02] mmmmmmmm<^mmt:^tm. 

[03] mmmmbMfflm<7>m!xmt:*tm. 

[04] MmmtMwm<Dfmi.m*-tm. 

[05] TFT^Slg^^0 o 
[06] TFT^fara^jKTH. 

[07] TFTcDimmz^m* 

[08] TFT^)#Slg^^0 o 

[09] TFTcDimxm^m. 
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[am *mikm?y^kT.m ^tm. 

[012] mmmmcoT f T«i»*-r 0, 

[013] ^#mm&fcmz*-m. 

[014] H^K^H^5cf0. 

[015] «^«SS«-0IS:S<tH. 

[016] IflMl^tB. 



[017] E L^ga^ffit^-fia. 

[018] E L^gM(7)fflji^^0 o 

[019] e LmsmpflmztFtm. 

[02 0] E L^q^|BWfiBt£^t0. 

[021] e Lm^mm^mm^i-m. 

[02 2] E L^ig^MSr^tm 



137 138 



131 141] 141 J 




pSTtMMtfGdSMxa 



(A) T IM 131 



1 36 1 37 131 138 








[012] 










J 317 


^ 318 / \/~ 


319 




fsEJt A 3 . , 

[—311 313 -EL 




t 303 302 


304 [ 309 306 305 


307 308 , ' 



pJWSiTFT ^310 nftttMTFT ^301 



(£3))01-196590 ( P 2 0 0 1 - ( jttt 



[05] 



(A) C 



[H7] 



I I J I I I I I J 



I i I I I I I j j 



6004 T+*;uK-^» 



i I I I J I I I 
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[01 9] 




MOW TFT 3S0Z ■SHMJBTFT 3543 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that a large number of 
unpaired bonding hands are formed at crystal grain boundaries, when a 
crystalline semiconductor film composed of crystal grains is low in orientation 
properties, and the crystal semiconductor film is deteriorated in carrier (electron, 
hole) transfer properties. 

SOLUTION: This manufacturing method comprises a first process in which the 
surface of a substrate is exposed to a plasma atmosphere that contains halogen, 
a second process in which an amorphous semiconductor film is formed on the 
substrate, a third process in which a layer that contains a catalytic element which 
promotes the crystallization of the amorphous semiconductor film is formed on 
the amorphous semiconductor film, a fourth process in which the amorphous 
semiconductor film is turned into a crystalline semiconductor film through a first 
thermal treatment, a fifth process in which the crystalline semiconductor film is 
selectively removed into inland-like crystalline semiconductor films, a sixth 
process in which a gate insulating film is formed on the island- like crystalline 
semiconductor films, and a seventh process in which the substrate is subjected 
to a second thermal treatment in an oxidizing atmosphere after the sixth process. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st process which exposes the front face of a substrate to the 
plasma ambient atmosphere containing a halogen, The 2nd process which forms 
the amorphous semiconductor film on said substrate, and the 3rd process which 



forms the layer which the catalyst element which promotes crystallization of this 
amorphous semiconductor film contains on said amorphous semiconductor film, 
The 4th process which forms the crystalline substance semi-conductor film for 
said amorphous semiconductor film by 1st heat-treatment, The 5th process 
which removes said crystalline substance semi-conductor film alternatively, and 
forms the island-shape crystalline substance semi-conductor film, The production 
approach of the semiconductor device characterized by having the 6th process 
which forms gate dielectric film on said island-shape crystalline substance semi- 
conductor film, and the 7th process which performs 2nd heat-treatment in the 
oxidizing atmosphere containing a halogen after said 6th process. 
[Claim 2] The 1st process which exposes the front face of a substrate to the 
plasma ambient atmosphere containing a halogen, The 2nd process which forms 
the amorphous semiconductor film on said substrate, and the 3rd process which 
forms the layer which the catalyst element which promotes crystallization of this 
amorphous semiconductor film contains on said amorphous semiconductor film, 
The 4th process which forms the crystalline substance semi-conductor film for 
said amorphous semiconductor film by 1st heat-treatment, The 5th process 
which adds Lynn to the field to which said crystalline substance semi-conductor 
film was chosen, The 6th process which removes the catalyst element which 
promotes said crystallization from said crystalline substance semi-conductor film 
by 2nd heat-treatment, The 7th process which removes said crystalline 
substance semi-conductor film alternatively, and forms the island-shape 
crystalline substance semi-conductor film, The production approach of the 
semiconductor device characterized by having the 8th process which forms gate 
dielectric film on said island-shape crystalline substance semi-conductor film, and 
the 9th process which performs 2nd heat-treatment in the oxidizing atmosphere 
containing a halogen after said 7th process. 

[Claim 3] The 1st process which exposes the front face of a substrate to the 
plasma ambient atmosphere containing a halogen, The 2nd process which forms 
the amorphous semiconductor film on said substrate, and the 3rd process which 



forms the 1st insulator layer alternatively on said amorphous semiconductor film, 
The 4th process which forms the layer containing the catalyst element which 
promotes crystallization of this amorphous semiconductor film on said 
amorphous semiconductor film, The 5th process which forms the crystalline 
substance semi-conductor film for said amorphous semiconductor film by 1st 
heat-treatment, The 6th process which removes said 1st insulator layer, and the 
7th process which removes said crystalline substance semi-conductor film 
alternatively, and forms the island-shape crystalline substance semi-conductor 
film, The production approach of the semiconductor device characterized by 
having the 8th process which forms gate dielectric film on said island-shape 
crystalline substance semi-conductor film, and the 9th process which performs 
2nd heat-treatment in the oxidizing atmosphere containing a halogen after said 
8th process. 

[Claim 4] The 1st process which exposes the front face of a substrate to the 
plasma ambient atmosphere containing a halogen, The 2nd process which forms 
the amorphous semiconductor film on said substrate, and the 3rd process which 
forms the 1st insulator layer alternatively on said amorphous semiconductor film, 
The 4th process which forms the layer containing the catalyst element which 
promotes crystallization of this amorphous semiconductor film on said 
amorphous semiconductor film, The 5th process which forms the crystalline 
substance semi-conductor film for said amorphous semiconductor film by 1st 
heat-treatment, The 6th process which adds Lynn to the field to which said 
crystalline substance semi-conductor film was chosen, The 7th process which 
removes the catalyst element which promotes said crystallization from said 
crystalline substance semi-conductor film by 2nd heat-treatment, The 8th 
process which removes said 1st insulator layer, and the 9th process which 
removes said crystalline substance semi-conductor film alternatively, and forms 
the island-shape crystalline substance semi-conductor film, The production 
approach of the semiconductor device characterized by having the 10th process 
which forms gate dielectric film on said island-shape crystalline substance semi- 



conductor film, and the 1 1th process which performs 2nd heat-treatment in the 
oxidizing atmosphere containing a halogen after said 9th process. 
[Claim 5] The process which exposes the front face of said quartz substrate to 
the plasma containing a halogen in any 1 term of claim 1 thru/or claim 4 is the 
production approach of the semiconductor device characterized by carrying out 
termination of the front face of a quartz substrate by the halogen. 
[Claim 6] The plasma which contains said halogen in any 1 term of claim 1 
thru/or claim 5 is the production approach of the semiconductor device 
characterized by being the plasma containing a fluorine atom or a fluorine radical. 
[Claim 7] The plasma which contains the halogen exposed to the front face of 
said quartz substrate in any 1 term of claim 1 thru/or claim 5 is the production 
approach of the semiconductor device characterized by plasma-izing silicon 
tetrafluoride. 

[Claim 8] any 1 ****** of claim 1 thru/or claim 5 ~ the production approach of the 
semiconductor device characterized by the plasma containing the halogen 
exposed to the front face of said quartz substrate plasma-izing 3 nitrogen fluoride. 
[Claim 9] It is the production approach of the semiconductor device characterized 
by said catalyst elements being nickel (nickel), germanium (germanium), iron 
(Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt), copper (Cu), 
and gold (Au) in any 1 term of claim 1 thru/or claim 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The invention in this application relates to the 
semiconductor device which has the circuit which consisted of thin film 
transistors (henceforth TFT) on the substrate which has an insulating front face, 
and its production approach. Especially this invention relates to the electronic 
equipment carrying the electro-optic device represented by the liquid crystal 
display which prepared the pixel circuit and the control circuit prepared around it 
on the same substrate, and an electro-optic device. 
[0002] 

[Description of the Prior Art] A thin film transistor (it is hereafter described as 
TFT) is producible using the semi-conductor film formed on the substrate. TFT 
can form various integrated circuits as an active element, the switching element 
especially prepared in the picture element part of the liquid crystal display of a 
active-matrix mold - or it can use as a component which forms the drive circuit 
prepared around a picture element part. 

[0003] Although process temperature is low and TFT using the amorphous 
silicone film as semi-conductor film is easy to produce, there is a fault that 
electrical characteristics are low. Therefore, although it could use as a switching 
element prepared in each pixel, it was not able to form to the drive circuit. 
However, if TFT is formed by the semi-conductor film (it is hereafter described as 
the crystalline substance semi-conductor film) which has the crystal structure, it 
is known that electrical characteristics can be raised. Although the silicone film 
which has the crystal structure as an example of representation of the crystalline 
substance semi-conductor film is known also as a polycrystal silicone film, the 
polish recon film, a microcrystal silicone film, etc., when the crystalline substance 
silicone films which crystallized the amorphous silicone film with light or heat 



energy are many, it is used by the technical field of TFT. 

[0004] However, it is necessary to heat-treat at the temperature of 600 degrees C 
or more, and, as for the heat crystallization using heat energy, the processing 
time also requires about 10 hours. Therefore, there is a problem on which 
productivity is reduced. On the other hand, the crystallization technique using 
light energy has the problem that electrical characteristics are inferior as 
compared with TFT produced by the heat crystallizing method, although the laser 
crystallizing method for having used excimer laser light and YAG laser light is 
learned. 

[0005] Moreover, the technique which forms the crystalline substance semi- 
conductor film by the heat crystallizing method using a catalyst element is known. 
For example, the technique indicated by JP,7-130652,A, JP,8-78329,A, etc. can 
be used. According to the heat crystallizing method using a catalyst element, 
catalyst elements, such as nickel, can be introduced into an amorphous silicone 
film, and a crystalline substance silicone film can be formed by 550 degrees C 
and heat treatment of 4 hours. 
[0006] 

[Problem(s) to be Solved by the Invention] The substrate film which consists of 
silicon oxide, silicon nitride, oxidation silicon nitride, etc. is formed on substrates, 
such as glass. The crystalline substance semi-conductor film crystallized and 
obtained by the heat crystallizing method or the laser crystallizing method the 
amorphous semiconductor film deposited on it Orientation is carried out with the 
priority to <1 1 1> on the size-related balance of the surface energy of the 
substrate film and the semi-conductor film, and it is known from the analysis of 
electron diffraction that much crystal grain which had random bearing also in the 
direction of other exists. On the other hand, the crystalline substance semi- 
conductor film produced by the heat crystallizing method using catalyst elements, 
such as nickel, is carrying out orientation of the greater part of the crystal grain to 
<1 10>. However, the orientation of others, such as <1 1 1>, will be intermingled a 
little on balance with the surface energy of the substrate film and the semi- 



conductor film as mentioned above. 

[0007] If a stacking tendency is low in the crystalline substance semi-conductor 
film which consists of two or more crystal grain, many azygos joint hands will be 
formed in the grain boundary, and the transport properties of the carrier in the 
crystalline substance semi-conductor film (an electron and hole) will be reduced. 
That is, since carriers are scattered about or a trap is carried out, even if it 
produces TFT by such crystalline substance semi-conductor film, TFT which has 
high electric field effect mobility is unproducible. Moreover, since a grain 
boundary exists at random, it causes variation in the electrical characteristics of 
each TFT. 

[0008] This invention aims at raising the stacking tendency of the crystalline 
substance semi-conductor film produced using the heat crystallizing method or 
the laser crystallizing method in the amorphous semiconductor film for the 
purpose of offering a means to solve such a trouble. Furthermore, the property of 
TFT is raised by using such crystalline substance semi-conductor film, and it 
aims at reducing property variation. 
[0009] 

[Means for Solving the Problem] The 1st process exposed to the plasma ambient 
atmosphere in which this invention includes the front face of a substrate for a 
halogen, The 2nd process which forms the amorphous semiconductor film on 
said substrate, and the 3rd process which forms the layer which the catalyst 
element which promotes crystallization of this amorphous semiconductor film 
contains on said amorphous semiconductor film, The 4th process which forms 
the crystalline substance semi-conductor film for said amorphous semiconductor 
film by 1st heat-treatment, The 5th process which removes said crystalline 
substance semi-conductor film alternatively, and forms the island-shape 
crystalline substance semi-conductor film, It is characterized by having the 6th 
process which forms gate dielectric film on said island-shape crystalline 
substance semi-conductor film, and the 7th process which performs 2nd heat- 
treatment in the oxidizing atmosphere containing a halogen after said 6th 



process. 

[0010] Moreover, the 1st process which exposes the front face of a substrate to 
the plasma ambient atmosphere containing a halogen, The 2nd process which 
forms the amorphous semiconductor film on said substrate, and the 3rd process 
which forms the 1st insulator layer alternatively on said amorphous 
semiconductor film, The 4th process which forms the layer containing the catalyst 
element which promotes crystallization of this amorphous semiconductor film on 
said amorphous semiconductor film, The 5th process which forms the crystalline 
substance semi-conductor film for said amorphous semiconductor film by 1st 
heat-treatment, The 6th process which removes said 1st insulator layer, and the 
7th process which removes said crystalline substance semi-conductor film 
alternatively, and forms the island-shape crystalline substance semi-conductor 
film, It is characterized by having the 8th process which forms gate dielectric film 
on said island-shape crystalline substance semi-conductor film, and the 9th 
process which performs 2nd heat-treatment in the oxidizing atmosphere 
containing a halogen after said 8th process. 
[0011] 

[Embodiment of the Invention] As [operation gestalt 1] drawing 11 (A) shows, the 
plasma 1 103 which contains a halogen atom in the substrate film formed in the 
quartz substrate 1 101 top or its front face (this operation gestalt fluorine) is 
exposed, and the front face of a substrate is fluorinated. A front face is exposed 
into the ambient atmosphere of a fluorine or a fluorine radical, and, specifically, a 
front face is coated with a fluorine. It is also possible to use chlorine, a bromine, 
etc. in addition to this as a halogen. 

[0012] For example, silicon tetrafluoride (SiF4) or 3 nitrogen fluoride (NF3) is 
introduced and plasma-ized, and a fluorine atom or a fluorine radical is made to 
generate. As the means, for example, plasma-CVD equipment is applicable. The 
thing of a capacity-coupling mold or an inductive-coupling mold may be begun to 
plasma-CVD equipment, and equipments of which format, such as ECR 
(electronic SAIKU roton resonance) plasma-CVD equipment and a microwave 



CVD system, may be applied to it. Since the decomposition effectiveness of gas 
is high, especially the ECR plasma and the microwave plasma can generate a 
fluorine radical efficiently. 

[0013] The semi-conductor film 1104 including amorphous structure with a 
thickness of 20-1 OOnm (preferably 40-80nm) is formed in the substrate front face 
1 102 which fluorinated by the reduced pressure heat CVD method, the plasma- 
CVD method, or the spatter ( drawing 11 (B)). As semi-conductor film including 
amorphous structure, there are amorphous semiconductor film and microcrystal 
semi-conductor film, and the compound semiconductor film which includes the 
amorphous structure of the amorphous silicon germanium film etc. further is also 
contained. For example, the amorphous silicone film produced from SiH4, or 
SiH4 and H2 by the plasma-CVD method is formed by the thickness of 55nm. Or 
an amorphous silicone film may be formed by the thickness of 55nm from Si2H6 
with a reduced pressure CVD method. Furthermore, it is also effective to form 
continuously without carrying out atmospheric-air release of the substrate film 
and the amorphous silicone film on a substrate. 

[0014] And as drawing 1 1 (C) shows, the layer 1 105 which contains a catalyst 
element with the spin coat method which is made to rotate a substrate and 
applies the water solution containing a 10 ppm catalyst element by the spinner by 
weight conversion is formed. They are nickel (nickel), germanium (germanium), 
iron (Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt), copper 
(Cu), gold (Au), etc. at a catalyst element. The layer 1 104 containing this catalyst 
element may form the layer of the above-mentioned catalyst element other than 
a spin coat method in the thickness of 1-5nm with print processes, a spray 
method, the bar coating-machine method, or a spatter and a vacuum deposition 
method. 

[0015] At the process of crystallization shown by drawing 1 1 (D), heat treatment 
of about 1 hour is first performed at 400-500 degrees C, and the amount of 
content hydrogen of an amorphous silicone film is made into less than [ 5atom% ]. 
After the amount of content hydrogen of an amorphous silicone film forming 



membranes, to be this value from the beginning, this heat treatment is not 
necessarily required. And heat crystallization of 1 - 8 hours is performed at 550- 
600 degrees C in nitrogen-gas-atmosphere mind using a furnace annealing 
furnace. Suitably, heat treatment of 4 hours is performed at 550 degrees C. In 
this way, the crystalline substance semi-conductor film 1 106 which consists of a 
crystalline substance silicone film can be obtained. 

[0016] Thus, the predetermined field of the produced crystalline substance semi- 
conductor film 1106 is etched, and the island-shape semi-conductor film 1107 is 
formed. And gate dielectric film 1 108 is formed on it by the insulator layer which 
uses silicon as a component at the thickness of 20-200nm. For example, an 
oxidation silicon nitride film is formed in the thickness of 70nm from the mixed 
gas of SiH4 and N20 by the plasma-CVD method. 

[0017] And 700-1 100-degree C heat treatment is performed in the oxidizing 
atmosphere containing a halogen (typically chlorine) for 0.1 to 8 hours. Of this 
heat treatment, a new oxide film is formed by the interface of gate dielectric film 
1108 and the island-shape semi-conductor film 1107, and the thickness of gate 
dielectric film 1 108 is set to 120nm. Moreover, the metal impurity element 
contained in gate dielectric film 1108 or the island-shape semi-conductor film 
1 107 in process of oxidation in a halogen ambient atmosphere can form a 
halogen and a compound, and can remove them in a gaseous phase. Gate 
dielectric film 1 108 can have still higher withstand voltage, and an interface-state- 
density consistency with the island-shape semi-conductor film can be reduced 
( drawing 1 1 (E)). 

[0018] An example which produced TFT using the island-shape semi-conductor 
film and gate dielectric film which were produced according to the [operation 
gestalt 2] operation gestalt 1 is shown. Drawing 12 shows the cross-section 
structure of the n channel mold formed on the substrate 301 , and the p channel 
mold TFT. The gate electrode of the n channel mold TFT and the p channel mold 
TFT consists of the 1st conductive layer 31 1 and 313 prepared in contact with 
gate dielectric film 310, and 312 prepared in contact with said 1st conductive 



layer and 314. 

[0019] The 1st conductive layer 311 and 313 forms elements, such as titanium 
(Ti), a tantalum (Ta), molybdenum (Mo), and a tungsten (W), and these elements 
with the ingredient used as a component. Moreover, the 2nd conductive layer 
312 and 314 should just use low aluminum (aluminum) and the copper (Cu) of 
resistivity. Depending on an application, you may form only by the 1st conductive 
layer, and the laminating of the conductive layer of further others may be carried 
out on the 2nd conductive layer. 

[0020] The semi-conductor layer of the p channel mold TFT consists of the 
source field 303 and the drain field 304. 

[0021] In the channel formation field 302, boron may be added beforehand. It 
adds in order to control a threshold electrical potential difference, and other 
elements can also be substituted for this boron if the same effectiveness is 
acquired. 

[0022] In this way, if the n channel mold TFT and the p channel mold TFT are 
completed, it will cover with the 1st interlayer insulation film 315 and the 2nd 
interlayer insulation film 316, and the source wiring 317 and 319 and the drain 
wiring 318 in contact with the source fields 303 and 309 and the drain fields 304 
and 308 will be prepared. With the structure of drawing 12 , after preparing these, 
the silicon nitride film is prepared as passivation film 320. The 3rd interlayer 
insulation film 321 which furthermore becomes with a resin ingredient is formed. 
Although the 3rd interlayer insulation film does not need to be limited to a resin 
ingredient, it is desirable to use a resin ingredient for example, in order to secure 
surface surface smoothness in applying to a liquid crystal display. 
[0023] After processing the substrate film front face formed in the quartz 
substrate 1201 top or the substrate front face like the [operation gestalt 3] 
operation gestalt 1 by the plasma 1202 containing a fluorine ( drawing 13 (A)), 
30-1 OOnm of amorphous semiconductor film 1204 is preferably formed by the 
thickness of 50-60nm on the processed front face 1203. For example, the 
amorphous silicone film produced from SiH4, or SiH4 and H2 by the plasma-CVD 



method is formed by the thickness of 55nm ( drawing 13 (B)). Or an amorphous 
silicone film may be formed by the thickness of 55nm from Si2H6 with a reduced 
pressure CVD method. On the amorphous semiconductor film 1204, the mask 
film 1205 which becomes by the insulator layer containing silicon (silicon) is 
formed by the thickness of 150nm, and opening 1206 is formed by patterning 
( drawing 13 (C)). 

[0024] It heat-treats by forming in the front face of the semi-conductor film 
including amorphous structure the layer which made the catalyst element hold. 
This operation gestalt performs heat treatment of 14 hours at 570 degrees C, 
using nickel as a catalyst element. Consequently, crystallization advances with 
the opening 1206 as the starting point in the direction (direction shown by the 
arrow head) parallel to an outline substrate, and the semi-conductor film (this 
example crystalline substance silicone film) including the crystal structure to 
which the macroscopic crystal growth direction was equal is formed. [( Drawing 
13 (D)) 0025] Next, the gettering process which removes the nickel used at the 
process of crystallization from a crystalline substance silicone film is performed. 
The process which adds the element (this example Lynn) which belongs to 15 
groups, using as a mask the mask film 1205 in which the point was formed, as it 
is is performed, and the Lynn addition field (henceforth a gettering field) 1207 
which includes Lynn in the crystalline substance silicone film exposed by opening 
1206 by the concentration of 1x1019 - 1x1020 atoms/cm3 is formed. 
[0026] Next, 450-650 degrees C (preferably 500-550 degrees C) and the heat 
treatment process of 4 - 24 hours (preferably 6-12 hours) are performed in 
nitrogen-gas-atmosphere mind. The nickel in a crystalline substance silicone film 
moves in the direction of an arrow head according to this heat treatment process, 
and it is captured to the gettering field 107 according to a gettering operation of 
Lynn. That is, since nickel is removed out of a crystalline substance silicone film, 
the nickel concentration contained in the crystalline substance silicone film after 
gettering can be preferably reduced even to 1x1016 atms/cm3 three or less 
1x1017 atms/cm ( drawing 13 (E)). 



[0027] Then, a mask 1205 is removed and the island-shape semi-conductor film 
1208 is formed like an example 1 from the obtained crystalline substance semi- 
conductor film. Furthermore, gate dielectric film can be formed, and gate 
dielectric film with high withstand voltage can be formed like the operation gestalt 
1 by heat-treating in the oxidizing atmosphere containing a halogen, and an 
interface-state-density consistency with the island-shape semi-conductor film can 
be reduced. And TFT shown in the operation gestalt 2 can be formed. 
[0028] The [operation gestalt 4] operation gestalten 1 and 3 showed how to 
produce the semi-conductor film which has amorphous structure from SiH4 or 
Si2H6 with a plasma-CVD method or a reduced pressure CVD method. This 
operation gestalt shows the case where it produces using other gas. 
[0029] The semi-conductor film with which the description of the production 
approach of this operation gestalt has amorphous structure is to form with the 
reactant gas containing a halogen and hydrogen. A halogen and hydrogen are 
mixed when specifically producing an amorphous silicone film as semi-conductor 
film which has amorphous structure. It is good to use a fluorine especially as a 
halogen, and a fluorine has the operation etched to silicon and can etch the weak 
part of association preferentially in a membranous deposition process. Moreover, 
the fluorine concentration which remains in the film can be reduced by supplying 
hydrogen. And a precise amorphous silicone film with few voids and holes is 
producible using an operation of a fluorine and hydrogen. Such effectiveness is 
[ other than an amorphous silicone film ] applicable to the amorphous silicon 
germanium (a-SiGe) film, the amorphous carbonization silicon (a-SiC) film, the 
amorphous silicon tin (a-SiSn) film, etc. 

[0030] The supply approach of a fluorine and hydrogen can choose silicon 
tetrafluoride (SiF4), hydrogen (H2), or the combination of SiF4, SiH4 or SiF4, and 
SiH4 and H2 as reactant gas, when producing an amorphous silicone film as 
amorphous semiconductor film. A TORIFURORO silane (SiHF3), a JIFURORO 
silane (SiH2F2), and a mono-FURORO silane (SiH3F) are also applicable 
instead of SiF4. Moreover, the direct reaction of SiH4 and F2 may be carried out. 



Furthermore, what is necessary is just to carry out **** addition of the tin hydride 
(SnH4), in producing the amorphous silicon germanium film, producing 
amorphous carbonization silicon for germane (GeH4) or 4 germanium fluorides 
(GeF4) and forming the amorphous silicon tin film for 4 methane (CH4), methane, 
etc. fluoride (CF4). 

[0031] The thickness of the semi-conductor film which has amorphous structure 
is formed by the thickness of 25-1 OOnm. In the phase in early stages of 
[ deposition ] membranous, the front face of a substrate can be fluorinated 
according to the effectiveness of a fluorine. 

[0032] thus -- although it is dependent on the semi-conductor film 1 103 which 
has the amorphous structure produced with the reactant gas containing a fluorine 
and hydrogen also at the substrate temperature at the time of membrane 
formation - the inside of the film ~ hydrogen ~ 0.1 - 20atomic% and a fluorine - 
0.1 - 10atomic% ~ it forms so that it may contain. Although the concentration 
which the fluorine and hydrogen which remain in the film are emitted out of the 
film at the process of subsequent heat crystallization, and remains in the film falls 
further, it can raise the stacking tendency of <1 10> more by the interaction of the 
amorphous semiconductor film which carried out eburnation, and the substrate 
film which carried out termination of the outermost surface with the fluorine. 
[0033] As drawing 1 1 and drawing 13 show, after forming the amorphous 
semiconductor film as it is on a quartz substrate as an approach of fluorinating 
the front face of the [operation gestalt 5] substrate, or the interface of a substrate 
and the amorphous semiconductor film, a fluorine may be poured in from the 
front face of the amorphous semiconductor film. The ion doping method and ion- 
implantation are used as the technique. 

[0034] By the ion doping method, it ionizes using F2 of SiF4 or helium (helium) 
dilution as ion Hara, and pours in from the front face of the amorphous 
semiconductor film. Acceleration voltage is set up more highly and it is made for 
the peak of concentration distribution of the fluorine poured in an interface or 
near [ its ] the amorphous semiconductor film 1 103 and the substrate film 1 102 to 



exist. In that case, it is made for peak concentration to serve as 1x1019 - 1x1021 
atoms/cm3. Although elements other than a fluorine will also be poured into 
coincidence by the ion doping method since mass separation is not carried out, it 
is suitable for processing large area substrates, such as a liquid crystal display. 
Moreover, a fluorine can be poured in an interface or near [ its ] the amorphous 
semiconductor film and the substrate by the same concentration also with ion- 
implantation. Moreover, by pouring in fluorine ion from the front face of the 
amorphous semiconductor film, the operation which destroys the microcrystal 
nucleus which may exist in the amorphous semiconductor film is acquired by 
coincidence, and the nucleation consistency in heat crystallization can be 
reduced. 

[0035] Thus, the same effectiveness can be acquired, if the layer which contains 
a catalyst element in contact with the amorphous semiconductor film 1 103 like 
the operation gestalt 1 where a fluorine is poured in is prepared and it is made to 
crystallize. 

[0036] Since the crystalline substance semi-conductor film produced by 
[operation gestalt 6] this example as showed has the low surface energy of a 
quartz substrate and the silicon formed on it, it is known from the analysis of 
electron diffraction that much crystal grain which carried out orientation with the 
priority to < 1 1 1 > when the amorphous silicone film formed on the quartz 
substrate was crystallized by the heat crystallizing method, in addition had 
random bearing exists. On the other hand, the crystalline substance silicone film 
produced by the heat crystallizing method using catalyst elements, such as nickel, 
has two or more needlelike or structures in which rod-like crystals gathered, if it 
sees microscopically. However, it counts upon the continuity of adjoining crystal 
grain being high and an azygos joint hand (dangling bond) hardly being formed. 
Moreover, orientation of the greater part of the crystal grain is carried out to 
<1 10>. As one of the reason of the, the crystal growth process at the time of 
using catalyst elements, such as nickel, is considered that the silicide ghost of a 
catalyst element is involving, and since the thickness of the semi-conductor film 



is thin, in order that what has a field almost perpendicular to a substrate front 
face may grow preferentially among the initial nucleus (111) with 25-1 OOnm, the 
stacking tendency of <1 10> is substantially considered to become high. However, 
since the surface energy of a quartz substrate and silicon is low as mentioned 
above, it also becomes possible to take other field bearings included in <1 1 1> 
zones. Therefore, other orientation will be intermingled a little. 
[0037] However, in the heat crystallizing method using a catalyst element, by 
fluorinating the front face of a quartz substrate, the effect of an interface with a 
quartz substrate can be reduced, and the effect can be disregarded substantially. 
Consequently, although the stacking tendency of a crystal will be influenced by 
only surface energy, the stacking tendency of <1 10> increases in the crystal 
growth using a catalyst element. Although such effectiveness can also realize the 
usual heat crystallizing method and the usual laser crystallizing method, it can be 
more notably acquired in the heat crystallizing method using a catalyst element. 
Thus, the produced crystalline substance semi-conductor film can be suitably 
used as semi-conductor film for producing TFT, as the operation gestalt 2 
showed. 
[0038] 

[Example] The example of [example 1] this invention is explained using drawing 
1 - drawing 4 . Here, how to produce the control circuit for controlling a pixel 
circuit and its pixel circuit on the same substrate to coincidence is explained. 
However, in order to simplify explanation, suppose that the CMOS circuit which 
are basic circuits, such as a shift register circuit and a buffer circuit, and the n 
channel mold TFT which forms a sampling circuit are illustrated in a control 
circuit. 

[0039] In drawing 1 (A), it is desirable to use a quartz substrate and a silicon 
substrate for a substrate 100. The quartz substrate was used in this example. In 
addition, it is good also considering the thing in which the insulator layer was 
formed on the front face of a metal substrate or a stainless steel substrate, as a 
substrate. Since the thermal resistance which can bear the temperature of 800 



degrees C or more is required in the case of this example, as long as it is the 
substrate which fills it, what kind of substrate may be used. 
[0040] And the front face in which TFT of a substrate 100 is formed is processed 
by plasma 101a, and the semi-conductor film 102 which includes amorphous 
structure with a thickness of 20-1 OOnm (preferably 40-80nm) in the processed 
substrate surface 101b is formed by the reduced pressure heat CVD method, the 
plasma-CVD method, or the spatter. In addition, although the amorphous silicone 
film of 60nm thickness is formed in this example, since a thermal oxidation 
process is behind, this thickness does not necessarily turn into thickness of the 
final barrier layer of TFT. 

[0041] Moreover, as semi-conductor film including amorphous structure, there 
are amorphous semiconductor film and microcrystal semi-conductor film, and the 
compound semiconductor film which includes the amorphous structure of the 
amorphous silicon germanium film etc. further is also contained. Furthermore, it 
is also effective to form continuously without carrying out atmospheric-air release 
of the substrate film and the amorphous silicone film on a substrate. By doing so, 
contamination on the front face of a substrate can become able [ not affect an 
amorphous silicone film ] to make it, and the property variation of TFT produced 
can be reduced. 

[0042] Next, on the amorphous silicone film 102, the mask film 103 which 
becomes by the insulator layer containing silicon (silicon) is formed, and 
Openings 104a and 104b are formed by patterning. This opening serves as an 
addition field for adding the catalyst element which promotes crystallization in the 
case of the following crystallization process. ( Drawing 1 (B)) 
[0043] In addition, as an insulator layer containing silicon, an oxidation silicone 
film, a silicon nitride film, and a nitriding oxidation silicone film can be used. A 
nitriding oxidation silicone film is an insulator layer which contains silicon, 
nitrogen, and oxygen in a predetermined amount, and is an insulator layer 
expressed with SiOxNy. A nitriding oxidation silicone film can produce SiH4, N20, 
and NH3 as material gas, and is good for the nitrogen concentration to contain to 



consider as less than [ more than 25atomic%50atomic% ]. 
[0044] Moreover, the marker pattern used as the criteria of a next patterning 
process is formed at the same time it performs patterning of this mask film 103. 
Although the amorphous silicone film 102 is also slightly etched in case the mask 
film 103 is etched, this level difference can use as a marker pattern behind at the 
time of mask alignment. 

[0045] Next, according to the technique indicated by JP,10-247735,A (it 
corresponds to the U.S. application number 09 / 041), the semi-conductor film 
including the crystal structure is formed. [ 034 and 041 ] A technique given [ this ] 
in an official report is a crystallization means using the catalyst element (a kind or 
two or more sorts of elements chosen from nickel, cobalt, germanium, tin, lead, 
palladium, iron, and copper) which promotes crystallization on the occasion of 
crystallization of the semi-conductor film including amorphous structure. 
[0046] It heat-treats in the condition of having made the catalyst element 
specifically holding on the front face of the semi-conductor film including 
amorphous structure, and the semi-conductor film including amorphous structure 
is changed to the semi-conductor film including the crystal structure. In addition, 
as a crystallization means, the technique indicated by the example 1 of JP,7- 
130652,A may be used. Moreover, although the so-called single crystal 
semiconductor film and the polycrystal semi-conductor film are contained in the 
semi-conductor film including crystalline substance structure, the semi-conductor 
film including the crystal structure formed in this official report has the grain 
boundary. 

[0047] In addition, although the spin coat method is used in this official report in 
case the layer containing a catalyst element is formed on the mask film, it is very 
good in a means to form membranes using gaseous-phase methods [ thin film / 
containing a catalyst element ], such as a spatter and vacuum deposition. 
[0048] Moreover, although an amorphous silicone film is based also on the 
amount of content hydrogen, it is desirable to make it crystallize, since heat- 
treatment of about 1 hour is preferably performed at 400-550 degrees C and 



hydrogen is fully desorbed. In that case, it is desirable to make the amount of 
content hydrogen into less than [ 5atom% ]. 

[0049] After a crystallization process performs the heat treatment process of 
about 1 hour at 400-500 degrees C first and desorbs hydrogen out of the film, it 
performs heat treatment of 6 - 16 hours (preferably 8-14 hours) at 500-650 
degrees C (preferably 550-600 degrees C). 

[0050] At this example, heat treatment of 14 hours is performed at 570 degrees C, 
using nickel as a catalyst element. Consequently, crystallization advances with 
the openings 104a and 104b as the starting point in the direction (direction 
shown by the arrow head) parallel to an outline substrate, and the semi- 
conductor film (this example crystalline substance silicone film) 105a-105d 
including the crystal structure to which the macroscopic crystal growth direction 
was equal is formed. [( Drawing 1 (C)) 0051] Next, the gettering process which 
removes the nickel used at the process of crystallization from a crystalline 
substance silicone film is performed. In this example, the process which adds the 
element (this example Lynn) which belongs to 15 groups by using as a mask the 
mask film 103 in which the point was formed as it is is performed, and the Lynn 
addition fields (henceforth a gettering field) 106a and 106b which include Lynn in 
the crystalline substance silicone film exposed by Openings 104a and 104b by 
the concentration of 1x1019 - 1x1020 atoms/cm3 are formed. ( Drawing 1 (D)) 
[0052] Next, 450-650 degrees C (preferably 500-550 degrees C) and the heat 
treatment process of 4 - 24 hours (preferably 6-12 hours) are performed in 
nitrogen-gas-atmosphere mind. The nickel in a crystalline substance silicone film 
moves in the direction of an arrow head according to this heat treatment process, 
and it is captured to the gettering fields 106a and 106b according to a gettering 
operation of Lynn. That is, since nickel is removed out of a crystalline substance 
silicone film, the nickel concentration contained in the crystalline substance 
silicone films 107a-107d after gettering can be preferably reduced even to 
1x1016 atms/cm3 three or less 1x1017 atms/cm. 

[0053] Next, the mask film 103 is removed and a protective coat 108 is formed a 



sake [ at the time of next impurity addition ] on crystalline substance silicone film 
107a-107d. A protective coat 108 is good to use a nitriding oxidation silicone film 
or an oxidation silicone film with a thickness of 100-200nm (preferably 130- 
170nm). This protective coat 108 has the semantics for enabling delicate 
concentration control, in order not to put a crystalline substance silicone film to 
the direct plasma at the time of impurity addition. 
[0054] And the resist mask 109 is formed on it and the impurity element 
(henceforth p mold impurity element) which gives p mold through a protective 
coat 108 is added. Boron or a gallium can be used for the element and type 
target which belong to 13 groups typically as a p mold impurity element. This 
process (it is called a channel dope process) is a process for controlling the 
threshold electrical potential difference of TFT. In addition, boron is added by the 
ion doping method which carried out plasma excitation without carrying out mass 
separation of the diboron hexahydride (B-2 H6) here. Of course, the ion 
implantation method for performing mass separation may be used. 
[0055] The impurity ranges 1 10a and 1 10b which contain p mold impurity 
element (this example boron) according to this process by the concentration of 
1x1015 - 1x1018 atoms/cm3 (typically 5x1016 - 5x1017 atoms/cm3) are formed. 
In addition, in this specification, the impurity range (however, field where Lynn is 
not included) containing p mold impurity element is defined as p mold impurity 
range (b) by the above-mentioned density range. ( Drawing 1 (E)) 
[0056] Next, the resist mask 109 is removed, patterning of the crystalline 
substance silicone film is carried out, and the island-shape semi-conductor layers 
(henceforth a barrier layer) 1 1 1-114 are formed. In addition, barrier layers 1 11- 
1 14 are formed very much with the crystalline good crystalline substance silicone 
film by adding nickel alternatively and crystallizing. Specifically, it has cylindrical 
or the crystal structure with which the column-like crystal had specific directivity 
and was located in a line. Moreover, the concentration of the catalyst element 
which is removing or reducing nickel according to a gettering operation of Lynn 
after crystallization, and remains in a barrier layer 111-14 is 1x1016 atms/cm3 



preferably three or less 1x1017 atms/cm. ( Drawing 1 (F)) 
[0057] Moreover, the barrier layer 111 of the p channel mold TFT is a field which 
does not contain the impurity element added intentionally, and the barrier layers 
1 12-1 14 of the n channel mold TFT serve as p mold impurity range (b). In this 
specification, it is defined as the barrier layers 1 1 1-1 14 of this condition being 
genuineness genuineness or substantially altogether. That is, the field where the 
impurity element is intentionally added by extent which does not cause trouble to 
actuation of TFT may consider a genuineness field substantially. 
[0058] Next, the insulator layer which contains the silicon of 10-100nm thickness 
by the plasma-CVD method or the spatter is formed. In this example, the nitriding 
oxidation silicone film of 30nm thickness is formed. The insulator layer containing 
other silicon may be used for the insulator layer containing this silicon in a 
monolayer or a laminating. 

[0059] Next, the heat treatment process of 15 minutes - 8 hours (preferably 30 
minutes - 2 hours) is performed under an oxidizing atmosphere at the 
temperature of 800-1 150 degrees C (preferably 900-1000 degrees C) (thermal 
oxidation process). In this example, 950-degree-C heat treatment process for 80 
minutes is performed in the ambient atmosphere which added the hydrogen 
chloride of 3 volume % in the oxygen ambient atmosphere. In addition, the boron 
added at the process of drawing 1 (E) is activated between this thermal oxidation 
process. ( Drawing 2 (A)) 

[0060] In addition, as an oxidizing atmosphere, although a dry oxygen ambient 
atmosphere or a wet oxygen ambient atmosphere is sufficient, the dry oxygen 
ambient atmosphere is suitable for reduction of the crystal defect in a semi- 
conductor layer. Moreover, although considered as the ambient atmosphere 
which included the halogen in the oxygen ambient atmosphere in this example, 
you may carry out in an oxygen ambient atmosphere 100%. 
[0061] Also in the interface of the insulator layer containing silicon, and the 
barrier layers 111-114 under it, oxidation reaction advances between this thermal 
oxidation process. In the invention in this application, it adjusts so that the 



thickness of the gate dielectric film 1 15 finally formed in consideration of it may 
be set to 50-200nm (preferably 100-150nm). At the thermal oxidation process of 
this example, 25nm of the barrier layer of 60nm thickness oxidizes, and the 
thickness of barrier layers 1 1 1-1 14 is set to 45nm. Moreover, since the thermal 
oxidation film of 50nm thickness is added to the insulator layer containing the 
silicon of 30nm thickness, the thickness of final gate dielectric film 1 1 5 is set to 
110nm. 

[0062] Next, the resist masks 116-119 are newly formed. And the impurity ranges 
120-122 which add the impurity element (henceforth n mold impurity element) 
which gives n mold, and present n mold are formed. In addition, Lynn or arsenic 
can be used for the element and type target which belong to 15 groups typically 
as an n mold impurity element. ( Drawing 2 (B)) 

[0063] These impurity ranges 120-122 are impurity ranges for making it function 
as a LDD field in the n channel mold TFT of a CMOS circuit and a sampling 
circuit later. In addition, n mold impurity element is contained in the impurity 
range formed here by the concentration of 2x1016 - 5x1019 atoms/cm3 (typically 
5x1017 - 5x1018 atoms/cm3). In this specification, the impurity range containing 
n mold impurity element is defined as n mold impurity range (b) by the above- 
mentioned density range. 

[0064] In addition, Lynn is added by the concentration of 1x1018 atoms/cm3 by 
the ion doping method which carried out plasma excitation without carrying out 
mass separation of the phosphoretted hydrogen (PH3) here. Of course, the ion 
implantation method for performing mass separation may be used. At this 
process, Lynn is added to a crystalline substance silicone film through the gate 
film 115. 

[0065] Next, Lynn which heat-treated in the 600-1000 degrees C (preferably 700- 
800 degrees C) inert atmosphere, and was added at the process of drawing 2 (B) 
is activated. In this example, 800-degree-C heat treatment of 1 hour is performed 
in nitrogen-gas-atmosphere mind. ( Drawing 2 (C)) 

[0066] At this time, it is possible to restore the interface of the barrier layer and 



barrier layer which were damaged in coincidence at the time of addition of Lynn, 
and gate dielectric film. Although this activation process has desirable furnace 
annealing which used the electric heat furnace, optical annealing, such as lamp 
annealing and laser annealing, may be used together. 

[0067] it exists in the boundary section of n mold (impurity range b) 120-122, i.e., 
the perimeter of n mold impurity range (b), according to this process -- a joint with 
a genuineness field (of course, p mold impurity range (b) is included) becomes 
clear genuineness or substantially. This means that a LDD field and a channel 
formation field can form a very good joint, when TFT is completed behind. 
[0068] Next, the electric conduction film used as gate wiring is formed. In addition, 
although gate wiring may be formed by the electric conduction film of a 
monolayer, it is desirable to consider as cascade screens, such as a bilayer and 
three layers, if needed. In this example, the cascade screen which becomes by 
the 1st electric conduction film 123 and the 2nd electric conduction film 124 is 
formed. ( Drawing 2 (D)) 

[0069] Here as the 1st electric conduction film 123 and the 2nd electric 
conduction film 124 A tantalum (Ta), titanium (Ti), molybdenum (Mo), a tungsten 
(W), the electric conduction film (typical -- the tantalum nitride film --) which uses 
as a principal component chromium (Cr), the element chosen from silicon (Si), or 
said element The nitriding tungsten film, the titanium nitride film, or the alloy film 
(typically the Mo-W alloy film, Mo-Ta alloy film, tungsten silicide film, etc.) that 
combined said element can be used. 

[0070] In addition, the 1st electric conduction film 123 is set to 10-50nm 
(preferably 20-30nm), and should just set the 2nd electric conduction film 124 to 
200-400nm (preferably 250-350nm). In this example, the nitriding tungsten (WN) 
film of 50nm thickness is used as the 1st electric conduction film 123, and the 
tungsten film of 350nm thickness is used as the 2nd electric conduction film 124. 
In addition, although not illustrated, it is effective to form a silicone film in the 
bottom of the 1st electric conduction film 123 by the thickness of about 2-20nm. 
Antioxidizing can be planned with improvement in the adhesion of the electric 



conduction film formed on it by this. 

[0071] Moreover, it is also effective to use the tantalum film as the tantalum 
nitride film and the 2nd electric conduction film as the 1st electric conduction film 
123. 

[0072] Next, the 1st electric conduction film 123 and the 2nd electric conduction 
film 124 are etched by package, and the gate wiring 125-128 of 400nm thickness 
is formed. At this time, the gate wiring 126 and 127 formed in a control circuit is 
formed so that it may lap through the part and gate dielectric film 1 15 of n mold 
(impurity range b) 120-122. This overlapping part serves as a Lov field behind. In 
addition, although the gate wiring 128a and 128b is visible to two, it is formed 
from one pattern connected continuously in practice in the cross section. 
( Drawing 2 (E)) 

[0073] Next, the resist mask 129 is formed and the impurity ranges 130 and 131 
which add p mold impurity element (this example boron), and contain boron in 
high concentration are formed. At this example, boron is added by 3x1020 - 
3x1021 atoms/cm3 (typically 5x1020 - 1x1021 atoms/cm3) concentration by the 
ion doping method (of course, the ion implantation method may be used) for 
having used diboron hexahydride (B-2 H6). In addition, in this specification, the 
impurity range containing p mold impurity element is defined as p mold impurity 
range (a) by the above-mentioned density range. ( Drawing 3 (A)) 
[0074] Next, the resist mask 129 is removed and the resist masks 132-134 are 
formed for the field used as gate wiring and the p channel mold TFT in a wrap 
form. And the impurity ranges 135-141 which add n mold impurity element (this 
example Lynn), and include Lynn in high concentration are formed. Here, it 
carries out by the ion doping method (of course, the ion implantation method may 
be used) for having used phosphoretted hydrogen (PH3), and concentration of 
Lynn of this field is made into 1x1020 - 1x1021 atoms/cm3 (typically 2x1020 - 
5x1021 atoms/cm3). ( Drawing 3 (B)) 

[0075] In addition, in this specification, the impurity range containing n mold 
impurity element is defined as n mold impurity range (a) by the above-mentioned 



density range. Moreover, although Lynn or boron already added at the last 
process is contained in the field in which impurity ranges 135-141 were formed, 
since Lynn will be added by concentration high enough, it is not necessary to 
consider the effect of Lynn added at the last process, or boron. Therefore, in this 
specification, impurity ranges 135-141 may be put in another way as n mold 
impurity range (a). 

[0076] Next, the resist masks 132-134 are removed and n mold impurity element 
(this example Lynn) is added in self align by using gate wiring 125-128 as a mask. 
In the formed impurity ranges 143-146, in this way, the concentration of 1 / 2 - 
1/10 (typically 1 / 3 - 1/4) of said n mold impurity range (b) (-- however, 5 to 10 
times as high concentration as the boron concentration added at the above- 
mentioned channel dope process -- typical -- 1x1016 - 5x1018 atoms/cm3 ~ 
typical -- 3x1017 - 3x1018 atoms/cm3 --) ~ it adjusts so that Lynn may be added. 
In addition, in this specification, the impurity range (however, p mold impurity 
range (a) is removed) containing n mold impurity element is defined as n mold 
impurity range (c) by the above-mentioned density range. ( Drawing 3 (C)) 
[0077] In addition, although Lynn is added by all impurity ranges by the 
concentration of 1x1016 - 5x1018 atoms/cm3 except for the part hidden with gate 
wiring in this process, since it is very low concentration, the function of each 
impurity range is not affected. Moreover, although the boron of the concentration 
of 1x1015 - 1x1018 atoms/cm3 is already added by n mold (impurity range b) 
142-147 at the channel dope process, since Lynn is added with boron 5 to 10 
times the concentration of being contained at this process in p mold impurity 
range (b), you may think that boron does not affect the function of n mold 
impurity range (b) in this case, either. 

[0078] Next, the 1st interlayer insulation film 148 is formed. What is necessary is 
just to form as the 1st interlayer insulation film 148 by the insulator layer 
containing silicon, and the cascade screen which specifically combined a silicon 
nitride film, an oxidation silicone film, a nitriding oxidation silicone film, or them. 
Moreover, thickness is just 100-400nm. In this example, SiH4, N20, and NH3 are 



made into material gas by the plasma-CVD method, and the nitriding oxidation 
silicone film (however, nitrogen concentration 25 - 50atomic%) of 200nm 
thickness is used. 

[0079] Then, in order to activate n mold or p mold impurity element added by 
each concentration, the heat treatment process was performed. This process can 
use together the furnace annealing method, the laser annealing method, the 
lamp annealing method, or them, and can perform them. What is necessary is 
just to perform 500-800 degrees C at 550-600 degrees C preferably into an inert 
atmosphere, when carrying out by the furnace annealing method. In this example, 
600 degrees C and heat treatment of 4 hours are performed, and an impurity 
element is activated. ( Drawing 3 (D)) 

[0080] Although the tungsten is used as a wiring material in this example, it is 
known that the tungsten film is very weak to oxidation. That is, if a pinhole exists 
in a protective coat even if it covers and oxidizes by the protective coat, it will 
oxidize immediately. However, in this example, since the laminating of the 
nitriding oxidation silicone film is carried out to the silicon nitride film, using the 
very effective silicon nitride film as antioxidizing film, it is possible to perform an 
activation process at high temperature, without caring about the problem of the 
pinhole of a silicon nitride film. 

[0081] Next, after an activation process, in the ambient atmosphere containing 3 
- 100% of hydrogen, heat treatment of 1 - 4 hours is performed at 300-450 
degrees C, and a barrier layer is hydrogenated. This process is a process which 
carries out termination of the dangling bond of a semi-conductor layer by the 
hydrogen excited thermally. As other means of hydrogenation, plasma 
hydrogenation (the hydrogen excited by the plasma is used) may be performed. 
[0082] If an activation process is finished, the 2nd interlayer insulation film 149 of 
500nm - 1 .5 micrometer thickness will be formed on the 1 st interlayer insulation 
film 148. In this example, the oxidation silicone film of 800nm thickness is formed 
by the plasma-CVD method as the 2nd interlayer insulation film 149. In this way, 
the interlayer insulation film of 1 -micrometer thickness which becomes by the 



cascade screen of the 1st interlayer insulation film (nitriding oxidation silicone 
film) 148 and the 2nd interlayer insulation film (oxidation silicone film) 149 is 
formed. 

[0083] In addition, if thermal resistance allows at a next process, it is also 
possible as the 2nd interlayer insulation film 149 to use organic resin film, such 
as polyimide, an acrylic, a polyamide, polyimidoamide, and BCB (benz-cyclo- 
butene). 

[0084] Then, the contact hole which arrives at each source field or drain field of 
TFT is formed, and source wiring 150-153 and the drain wiring 154-156 are 
formed. In addition, in order to form a CMOS circuit, the drain wiring 154 is 
communalized between the p channel mold TFT and the n channel mold TFT. 
Moreover, although not illustrated, in this example, it considers as the cascade 
screen of the three-tiered structure which formed continuously 500nm of 
aluminum film which includes [ Ti film ] this wiring for 200nm and Ti, and 100nm 
of Ti film by the spatter. ( Drawing 4 (A)) 

[0085] Next, it forms as passivation film 157 by the thickness of 50-500nm 
(typically 200-300nm) with a silicon nitride film, an oxidation silicone film, or a 
nitriding oxidation silicone film. At this time, by this example, plasma treatment is 
performed using the gas which contains H2 and NH3 grade hydrogen in advance 
of membranous formation, and it heat-treats after membrane formation. The 
hydrogen excited by this pretreatment is supplied into the 1st and 2nd interlayer 
insulation film. By heat-treating in this condition, since the hydrogen added in the 
1st and 2nd interlayer insulation film is spread in a lower layer side while 
improving the membraneous quality of the passivation film 157, a barrier layer 
can be hydrogenated effectively. 

[0086] Moreover, after forming the passivation film 157, a hydrogenation process 
may be performed further. For example, the same effectiveness is acquired, 
even if it is good to perform heat treatment of 1 - 12 hours at 300-450 degrees C 
or uses the plasma hydrogenating method in the ambient atmosphere containing 
3 - 100% of hydrogen. In addition, opening (not shown) may be formed in the 



passivation film 157 in the location which forms the contact hole for connecting 
drain wiring with a pixel electrode after a hydrogenation process. 
[0087] Then, the 3rd interlayer insulation film 158 which consists of organic resin 
is formed in the thickness of about 1 micrometer. As organic resin, polyimide, an 
acrylic, a polyamide, polyimidoamide, BCB (benz-cyclo-butene), etc. can be used. 
The point for the membrane formation approach that the advantage of using the 
organic resin film is simple, the point that parasitic capacitance can be reduced 
since specific inductive capacity is low, the point of excelling in surface 
smoothness, etc. are got. In addition, the organic resin film except having 
mentioned above, an organic system SiO compound, etc. can also be used. Here, 
it calcinates and forms at 300 degrees C after applying to a substrate using the 
polyimide of the type which carries out thermal polymerization. 
[0088] Next, in the field used as a pixel circuit, a screen 159 is formed on the 3rd 
interlayer insulation film 158. In addition, in this specification, **** called a screen 
is used for the purpose of interrupting light and an electromagnetic wave. A 
screen 159 forms in the thickness of 100-300nm the film which becomes by the 
element chosen from aluminum (aluminum), titanium (Ti), and a tantalum (Ta), or 
one of elements by the film used as a principal component. In this example, the 
aluminum film which made 1wt% titanium contain is formed in the thickness of 
125nm. 

[0089] In addition, if 5-50nm of insulator layers, such as an oxidation silicone film, 
is formed on the 3rd interlayer insulation film 158, the adhesion of the screen 
formed on this can be raised. Moreover, if plasma treatment which used CF4 gas 
for the front face of the 3rd interlayer insulation film 158 formed by organic resin 
is performed, the adhesion of the screen formed on the film by surface treatment 
can be raised. 

[0090] Moreover, it is also possible to form not only a screen but other 
connection wiring using the aluminum film which made this titanium contain. For 
example, connection wiring which connects between circuits in a control circuit 
can be formed. However, before forming the ingredient which forms a screen or 



connection wiring in that case, it is necessary to form a contact hole in the 3rd 
interlayer insulation film beforehand. 

[0091] Next, the oxide 160 with a thickness of 20-1 OOnm (preferably 30-50nm) is 
formed in the front face of a screen 159 by the anode oxidation method or the 
plasma oxidation method (this example anode oxidation method). In this example, 
since the film which uses aluminum as a principal component as a screen 159 
was used, the aluminum-oxide film (alumina film) is formed as an anodic 
oxidation object 160. 

[0092] On the occasion of this anodizing, a tartaric-acid ethylene glycol solution 
with alkali ion concentration small first fully is produced. This is the solution which 
mixed 15% of ammonium tartrate water solution, and ethylene glycol by 2:8, it 
adds aqueous ammonia to this, and it adjusts it so that pH may be set to 7**0.5. 
And the platinum electrode used as cathode is prepared into this solution, the 
substrate with which the screen 159 is formed is dipped in a solution, and the 
direct current of regularity (several mA - dozens of mA) is passed by making a 
screen 159 into an anode plate. 

[0093] Although the electrical potential difference between the cathode in a 
solution and an anode plate changes with time amount according to growth of an 
anodic oxidation object, an electrical potential difference is raised at the 
pressure-up rate of 100 V/min with constant current, and anodizing is terminated 
in the place which amounted to attainment electrical-potential-difference 45V. 
Thus, the anodic oxidation object 160 with a thickness of about 50nm can be 
formed in the front face of a screen 159. Moreover, as a result, the thickness of a 
screen 159 is set to 90nm. In addition, it does not pass over the numeric value 
concerning the anode oxidation method shown here to an example, but, naturally 
an optimum value may change with the magnitude of the component to produce 
etc. 

[0094] Moreover, although considered as the configuration which prepares an 
insulator layer only in a screen front face using an anode oxidation method here, 
an insulator layer may be formed by gaseous-phase methods, such as a plasma- 



CVD method, a heat CVD method, or a spatter. It is desirable that thickness sets 
to 20-1 OOnm (preferably 30-50nm) also in that case. Moreover, an oxidation 
silicone film, a silicon nitride film, a nitriding oxidation silicone film, the DLC 
(Diamond like carbon) film, the tantalum oxide film, or the organic resin film may 
be used. Furthermore, the cascade screen which combined these may be used. 
[0095] Next, the contact hole which reaches the drain wiring 156 is formed in the 
3rd interlayer insulation film 158 and the passivation film 157, and the pixel 
electrode 161 is formed. In addition, the pixel electrode 162 is a pixel electrode of 
adjoining another pixel. A metal membrane should just be used for the pixel 
electrodes 161 and 162 when making it into the liquid crystal display of a 
reflective mold using the transparence electric conduction film, in making it into a 
transparency mold liquid crystal display. Here, in order to consider as the liquid 
crystal display of a transparency mold, the indium oxide tin (ITO) film is formed in 
the thickness of 1 10nm by the spatter. 

[0096] Moreover, at this time, the pixel electrode 161 and a screen 159 lap 
through the anodization object 160, and form retention volume (capacitance 
storage) 163. In addition, it is desirable in this case floating (condition isolated 
electrically), fixed potential, and to set a screen 159 as common potential (middle 
potential of the picture signal sent as data) preferably. 
[0097] In this way, on the same substrate, the active-matrix substrate with a 
control circuit and a pixel circuit was completed. In addition, in drawing 4 (B), the 
p channel mold TFT1301 and the n channel mold 1302 and TFT 1303 are formed 
in a control circuit, and the pixel TFT1304 which becomes with the n channel 
mold TFT is formed in a pixel circuit. 

[0098] The channel formation field 201, the source field 202, and the drain field 
203 are formed in the p channel mold TFT1301 of a control circuit in p mold 
impurity range (a), respectively. However, Lynn is strictly included by the 
concentration of 1x1016 - 5x1018 atoms/cm3 to source 202 field and the drain 
field 203. 

[0099] Moreover, the field which lapped with the n channel mold TFT1302 with 



gate wiring through gate dielectric film between the channel formation field 204, 
the source field 205, the drain field 206, and a channel formation field and a drain 
field (in this specification, such a field is called Lov field.) In addition, ov was 
attached in the sense of overlap. 207 is formed. At this time, the Lov field 207 is 
formed so that it may all lap with gate wiring by the concentration of 2x1016 - 
5x1019 atoms/cm3, including Lynn. 

[0100] Moreover, as the channel formation field 208, the source field 209, the 
drain field 210, and a channel formation field are inserted into the n channel mold 
TFT1303, the LDD fields 211 and 212 are formed in it. That is, a LDD field is 
formed between a source field and a channel formation field and between a drain 
field and a channel formation field. 

[0101] In addition, the field which does not lap with the field (Lov field) which 
lapped with gate wiring through gate dielectric film, and gate wiring since it has 
been arranged so that a part of LDD fields 21 1 and 212 may lap with gate wiring 
with this structure (in this specification, such a field is called Loff field.) In addition, 
off was attached in the sense of offset. It realizes. 

[0102] The sectional view shown in drawing 6 here is an enlarged drawing 
showing the condition of having produced the n channel mold TFT1303 shown in 
drawing 4 (B) to the process of drawing 3 (C). As shown here, the LDD field 21 1 
is further distinguishable to Lov field 211a and Loff field 211b. Moreover, 
although Lynn is included in the above-mentioned Lov field 21 1a by the 
concentration of 2x1016 - 5x1019 atoms/cm3, as for Loff field 211b, Lynn is 
included by the one to 2 twice (typically 1.2 to 1.5 times) as many concentration 
as this. 

[0103] moreover ~ a pixel -- TFT ~ 1304 ~ **** -- a channel - formation -- a field 
-- 213 -- 214 - the source -- a field - 215 -- a drain - a field -- 216 -- Loff - a 
field -- 217 - 220 - Loff - a field - 218 - 219 -- having touched -- n -- a mold -- 
an impurity range - (-- a -) -- 221 -- forming - having . At this time, the source 
field 215 and the drain field 216 are formed in n mold impurity range (a), 
respectively, and the Loff fields 217-220 are formed in n mold impurity range (c). 



[0104] In this example, the structure of TFT which forms each circuit according to 
the circuit specification which a pixel circuit and a control circuit require can be 
optimized, and the engine performance of operation and dependability of a 
semiconductor device can be raised. Specifically, the n channel mold TFT can 
realize TFT structure which thought high-speed operation or the cure against a 
hot carrier as important on the same substrate, and TFT structure which thought 
low OFF state current actuation as important by changing arrangement of a LDD 
field according to a circuit specification, and using a Lov field or a Loff field 
properly. 

[0105] For example, in the case of the active matrix liquid crystal indicating 
equipment, the n channel mold TFT1302 fits control circuits, such as a shift 
register circuit which thinks high-speed operation as important, a subharmonics 
circuit, a signal dividing network, a level-shifter circuit, and a buffer circuit. That is, 
it has structure which thought the cure against a hot carrier as important by 
forming a Lov field only between a channel formation field and a drain field, 
reducing a resistance component as much as possible. This is because the 
direction to which in the case of the above-mentioned circuit group the function of 
a source field and a drain field does not change to, but a carrier (electron) moves 
is fixed. 

[0106] However, a Lov field can also be formed across a channel formation field 
if needed. That is, it is also possible to form between a source field and a 
channel formation field and between a drain field and a channel formation field. 
[0107] Moreover, the n channel mold TFT1303 fits the sampling circuit (sample 
hold circuit) which thinks the both sides of the cure against a hot carrier, and low 
OFF state current actuation as important. That is, it considers as the cure against 
a hot carrier by forming a Lov field, and low OFF state current actuation is 
realized by forming a Loff field further. Moreover, since the function of a source 
field and a drain field is reversed and a sampling circuit changes the 180 degrees 
of the migration directions of a carrier, it must be made into structure which 
serves as axial symmetry centering on gate wiring. In addition, depending on the 



case, it can consider only as a Lov field. 

[0108] Moreover, the n channel mold TFT1304 fits the pixel circuit and sampling 
circuit (sample hold circuit) which thought low OFF state current actuation as 
important. That is, low OFF state current actuation is realized by not arranging 
the Lov field which can become the factor which makes an OFF state current 
value increase, but arranging a Loff field and an offset field. Moreover, using the 
LDD field of concentration lower than the LDD field of a control circuit as a Loff 
field has struck the cure which reduces an OFF state current value thoroughly, 
even if an ON state current value falls somewhat. Furthermore, it is checked that 
n mold impurity range (a) 221 is very effective when reducing an OFF state 
current value. 

[0109] Moreover, what is necessary is just to set typically the 0.3-3.0 
micrometers (width of face) of the die length of the Lov field 207 of the n channel 
mold TFT1302 to 0.5-1.5 micrometers to 3-7 micrometers of channel length. 
Moreover, the die length (width of face) of the Lov fields 211a and 212a of the n 
channel mold TFT303 should just set typically the 0.3-3.0 micrometers (width of 
face) of the 1 .0-3.5 micrometers of the die length of 0, 5-1 .5 micrometers, and 
the Loff fields 211b and 212b to 1.5-2.0 micrometers. Moreover, what is 
necessary is just to set typically to 2.0-2.5 micrometers the 0.5-3.5 micrometers 
(width of face) of the die length of the Loff fields 217-220 established in a pixel 
TFT1304. 

[0110] Furthermore, the p channel mold TFT1301 is formed in self align (self 
aryne), and the point that the n channel molds 1302-TFT 1304 are formed in 
nonself adjustment (non self aryne) is also one of the descriptions of this 
invention. 

[0111] Moreover, at this example, occupancy area of retention volume required in 
order that specific inductive capacity may form a required capacity by having 
used 7-9, and the high alumina film as a dielectric of retention volume can be 
lessened. Furthermore, the numerical aperture of the image display section of an 
active matrix liquid crystal display can be raised by using as one electrode of 



retention volume the screen formed on Pixel TFT like this example. 
[0112] In addition, this invention does not need to be limited to the structure of 
the retention volume shown in this example. For example, the retention volume 
of the structure indicated by the Japanese-Patent-Application-No. No. 316567 
[ nine to ] application by these people, Japanese-Patent-Application-No. No. 
273444 [ nine to ] application, or Japanese-Patent-Application-No. No. 254097 
[ ten to ] application can also be used. 

[0113] The process which produces an active matrix liquid crystal display is 
explained from a active-matrix substrate here. As shown in drawing 5 , the 
orientation film 501 is formed to the substrate of the condition of drawing 4 (B). In 
this example, the polyimide film is used as orientation film. Moreover, the 
transparence electric conduction film 503 and the orientation film 504 are formed 
in the opposite substrate 502. In addition, a color filter and a screen may be 
formed in an opposite substrate if needed. 

[01 14] Next, after forming the orientation film, it adjusts so that orientation may 
be carried out with the fixed pre tilt angle which performs rubbing processing and 
has a liquid crystal molecule. And a pixel circuit, and the active-matrix substrate 
and opposite substrate with which the control circuit was formed are stuck and 
set through a sealant, a spacer (not shown [ both ]), etc. according to a well- 
known eel **** process. Then, liquid crystal 505 is poured in among both 
substrates, and it closes completely with encapsulant (not shown). What is 
necessary is just to use a well-known liquid crystal ingredient for liquid crystal. 
Thus, the active matrix liquid crystal display shown in drawing 5 is completed. 
[0115] [Example 2] 

[0116] Here, how to produce the pixel TFT of a picture element part and the 
circuit TFT of the drive circuits (a source signal-line drive circuit, gate signal line 
drive circuit, etc.) prepared around a picture element part on the same substrate 
is explained to a detail according to a process. However, in order to simplify 
explanation, a CMOS circuit and the n channel mold TFT will be illustrated. 
[0117] In drawing 5 (A), 6000 is a substrate which has thermal resistance and 



should just use a quartz substrate, a silicon substrate, a ceramic substrate, and a 
metal substrate (typically stainless steel substrate). It does not matter when using 
which substrate, even if it prepares the substrate film (insulator layer which uses 
silicon as a principal component preferably) if needed. 

[01 18] Next, after processing a substrate front face by plasma 6001a containing 
a fluorine, the semi-conductor film which has amorphous structure by the 
thickness of 20-6050nm (preferably 30-80nm) is formed by well-known 
approaches, such as a plasma-CVD method and a spatter, on the processed 
surface 6001b. In this example, the amorphous silicone film was formed in the 
thickness of 53nm by the plasma-CVD method. As semi-conductor film which 
has amorphous structure, there are amorphous semiconductor film and 
microcrystal semi-conductor film, and the compound semiconductor film which 
has the amorphous structure of the amorphous silicon germanium film etc. may 
be applied. Moreover, since it is possible to form by the forming-membranes 
method the substrate film and an amorphous silicone film are the same when 
forming the substrate film, continuation formation of both may be carried out. 
After forming the substrate film, by once not exposing to an atmospheric-air 
ambient atmosphere, it can become possible to prevent contamination of the 
front face, and the fluctuation of the property variation of TFT or a threshold 
electrical potential difference to produce can be reduced. 
[0119] And the crystalline substance silicone film 6002 is formed from an 
amorphous silicone film using a well-known crystallization technique. For 
example, although what is necessary is just to have applied the laser crystallizing 
method and the heat crystallizing method (solid phase grown method), according 
to the technique indicated by JP,7-6030652,A, the crystalline substance silicone 
film 6002 was formed by the crystallizing method using a catalyst element here. 
[0120] In addition, the solution which contained nickel (nickel) as a catalyst 
element which promotes crystallization of the amorphous silicon film was applied 
with the spin coat method, and nickel content layer was formed. Moreover, as a 
catalyst element, cobalt (Co), iron (Fe), palladium (Pd), platinum (Pt), copper 



(Cu), gold (Au), etc. can be used besides nickel. 

[0121] Moreover, the ion-implantation or the plasma doping method for having 
used the resist mask can also be used for the addition process of the above- 
mentioned catalyst element. In this case, since reduction of the occupancy area 
of an addition field and control of the growth distance of a horizontal growth field 
become easy, it becomes an effective technique in case the circuit made detailed 
is constituted. 

[0122] Moreover, although based also on the amount of content hydrogen of an 
amorphous silicone film in advance of the process of crystallization, it is desirable 
to make it crystallize, after performing heat treatment of about 1 hour at 400-500 
degrees C and making the amount of content hydrogen into less than [ 5atom% ]. 
If the addition process of a catalyst element is completed, heat-treatment of 4 - 
24 hours will be added by 450 degrees C at the temperature of 500-700 degrees 
C (typically 550-650 degrees C) into after hydrogen **** of about 1 hour, an inert 
atmosphere, a hydrogen ambient atmosphere, or an oxygen ambient atmosphere, 
and an amorphous silicone film will be crystallized. In this example, 600 degrees 
C and heat-treatment of 12 hours were performed by nitrogen-gas-atmosphere 
mind, and the amorphous silicone film was crystallized. 
[0123] Since the atomic rearrangement happened and eburnation was carried 
out when the amorphous silicone film was crystallized, the thickness of the 
crystalline substance silicone film produced decreased about 1 to 15% rather 
than the thickness (this example 53nm) of the amorphous silicone film of the 
beginning. ( Drawing 5 (A)) . 

[0124] And the protection oxide film 6003 with a thickness of 130nm it is thin from 
the oxidation silicon film was formed on the crystalline substance silicone film 
6002. And opening 6004 was formed in the protection oxide film 6003 in order to 
form a gettering field in the crystalline substance silicone film 6002. ( Drawing 5 
(B)) 

[0125] And Lynn is doped in order to remove the nickel in the crystalline 
substance silicone film 6002, after removing the resist mask 6005. Then, Lynn is 



doped by the crystalline substance silicone film 6002 from opening 6004, and the 
gettering field 6007 is formed. The acceleration voltage of doping and the 
thickness of the protection oxide film 6007 which changes with an oxide film are 
optimized, and it is made for Lynn not to run through the protection oxide film 
6007 substantially at this time. 

[0126] Doping was adjusted so that the concentration of Lynn (P) might become 
1x1020 - about three 1x1021 atoms/cm. In this example, it carried out using the 
ion doping system so that the concentration of Lynn (P) might serve as 5x1020 
atoms/cm3. 

[0127] In addition, acceleration voltage in the case of an ion dope was set to 
10kev(s). If it is the acceleration voltage of 10kev(s), if thickness of the protection 
oxide film 6007 is set to 100nm or more, it can hardly pass through Lynn. 
[0128] Then, in 600-degree C nitrogen-gas-atmosphere mind, heat annealing 
was carried out for 1 to 12 hours (this example 12 hours), and gettering of a 
nickel element was performed. Nickel will be drawn close by Lynn with heating. 
Although the Lynn atom hardly moves under 600-degree C temperature in the 
film, a nickel atom can move about several 100 micrometers or the distance 
beyond it. He can understand from this that Lynn is one of the elements which 
fitted the gettering of nickel most. ( Drawing 5 (C)) 

[0129] Next, the protection oxide film 6003 is etched as a mask, and the gettering 
field 6007 is removed. ( Drawing 5 (D)) 

[0130] And after removing the protection oxide film 6003, oxide-film 6008a which 

consists of oxidation silicon film was formed on the substrate 6001 so that 

( drawing 6 (A)) and the amorphous silicone film 6002 might be covered. At this 

example, it formed by the thickness of 20nm. ( Drawing 6 (B)) 

[0131] Next, by carrying out ashing of the crystalline substance silicone film 6003 

under the ambient atmosphere of an oxidizing quality gas, the consistency of the 

silicon of the crystalline substance silicone film 6003 was raised, and the film was 

made precise. In this example, it oxidized thermally under the oxygen ambient 

atmosphere at 950 degrees C, and the thickness of the crystalline substance 



silicone film 6003 was decreased by about 15nm. ( Drawing 6 (C)) 
[0132] And the semi-conductor film 6010, 6011, and 6012 was formed by 
removing and ( drawing 6 (D)) carrying out patterning of the oxide-film 6008b 
after heat treatment to which thickness became large by thermal oxidation. 
( Drawing 7 (A)) 

[0133] And the semi-conductor film 6010, 6011, and 6012 is covered, and the 1st 
gate dielectric film 6013 is formed. What is necessary is typically, just to form the 
1st gate dielectric film 6013 which consists of oxidation silicon film or a silicon 
nitride film so that the thickness may be set to 5-200nm (preferably 100-150nm). 
In this example, thickness of the 1st gate dielectric film 6013 which consists of 
film which uses the oxidation silicon film or oxidation silicon as a principal 
component was set to 40nm. ( Drawing 7 (B)) 

[0134] Next, some semi-conductor film 6012 was exposed by etching a part of 
1st gate dielectric film 6013 using the resist mask 6014. And by doping Lynn, the 
impurity range (Cs field) 6015 which becomes a part of Cs was formed. Doping 
was performed with acceleration voltage 10keV extent, and it adjusted so that the 
concentration of Lynn (P) might become 1x1019 - about three 1x1020 atoms/cm. 
In this example, it carried out using the ion doping system so that the 
concentration of Lynn (P) might serve as 5x1019 atoms/cm3. ( Drawing 7 (C)) 
[0135] After removing the resist mask 6014, the 2nd gate dielectric film 6016 was 
formed, typical - the thickness of the 2nd gate dielectric film 6016 -- 5-200nm 
(preferably 100-150nm) - then, it is good. In this example, the 2nd gate dielectric 
film 6016 which consists of a silicon nitride film was formed so that the thickness 
might be set to 20nm. ( Drawing 7 (D)) 

[0136] And the 1st electric conduction film 6017 and the 2nd electric conduction 
film 6018 were formed in order. Although a gate electrode is made into multilayer 
structure in this example, the gate electrode may be formed by the monolayer. 
[0137] And the part in which the p channel mold TFT of opening 6004 and the 
crystalline substance silicone film 6002 is formed was covered, and the resist 
mask 6005 was formed. And boron (B) was doped as an impurity which gives p 



mold to the part in which the n channel mold TFT of the crystalline substance 
silicone film 6002 is formed in order to control a threshold electrical potential 
difference. Doping was performed with acceleration voltage 30keV extent, and it 
adjusted so that the concentration of boron (B) might become 5x1017 - about 
three 5x1018 atoms/cm. It was made for the concentration of boron (B) to serve 
as 1x1018 atoms/cm3 in this example. Addition of boron (B) may be carried out 
by the ion doping method, and when forming an amorphous silicone film, it can 
also be added to coincidence. And in order to control a threshold electrical 
potential difference depending on the property of the crystalline substance 
silicone film 6002, boron (not B) but Lynn (P) may be added. Although boron (B) 
addition here was not necessarily required, as for the part (channel dope section) 
6006 which added the boron (B) of the crystalline substance silicone film 6002, it 
was desirable to have formed in order to store the threshold electrical potential 
difference of the n channel mold TFT within the limits of predetermined. 
( Drawing 8 (A)) 

[0138] The 1st electric conduction film 6017 is a crystalline substance silicone 
film which has the impurity of n mold, and is formed by 150nm thickness using 
the CVD method. Moreover, the 2nd electric conduction film 6018 is tungsten 
silicide, and is formed by 150nm thickness of sputtering. ( Drawing 8 (B)) 
Although resistance goes up [ rather than ] a little in this case using a metal 
membrane, since the thermal resistance of the laminated structure of the metal 
silicide film and the silicon film is also high and is strong also to oxidation, it is 
effective structure. The 1st electric conduction film 6021 In addition, tantalum 
nitride (TaN), a nitriding tungsten (WN), The titanium nitride (TiN) film, nitriding 
molybdenum (MoN), tungsten silicide, You may form by titanium silicide or 
molybdenum silicide. The 2nd electric conduction film 6022 A tantalum (Ta), You 
may form by the alloy which uses as a principal component titanium (Ti), 
molybdenum (Mo), the element chosen from the tungsten (W), or said element, 
and the alloy film (typically Mo-W alloy film, Mo-Ta alloy film) which combined 
said element. 



[0139] Next, patterning of the 1st electric conduction film 6017 and the 2nd 
electric conduction film 6018 was carried out, and the gate electrode 6020 of the 
p channel mold TFT, TFT 6021 and 6022 of an n channel mold, and the Cs 
electrode 6023 were formed. ( Drawing 8 (C)) 

[0140] And the gate electrodes 6020, 6021, and 6022 and the Cs electrode 6023 
were used as a mask, the impurity which gives n mold to some of semi-conductor 
film 6010 and 6011 and semi-conductor film 6012 was doped, and impurity 
ranges 6024-6029 were formed. As an impurity which gives n mold, the ion 
doping method using phosphoretted hydrogen (PH3) was applied [ that what is 
necessary is just to use Lynn (P) and arsenic (As) ] that Lynn (P) should be 
added here. Doping was performed with acceleration voltage 40keV extent, and 
it adjusted so that the concentration of Lynn (P) might become 5x1017 - about 
three 5x1018 atoms/cm. In this example, it carried out using the ion doping 
system so that the concentration of Lynn (P) of impurity ranges 6024-6029 might 
serve as 1x1018 atoms/cm3. In this specification, the concentration of the 
impurity which gives n mold contained in the impurity ranges 6024-6029 formed 
here is expressed as (n-). ( Drawing 8 (D)) 

[0141] Next, the resist masks 6030, 6031, and 6032 were formed so that some of 
semi-conductor film 6010 used as the p channel mold TFT and semi-conductor 
film 601 1 and 6012 used as the n channel mold TFT might be covered. And the 
impurity which gives n mold to some semi-conductor film 6011 and 6012 using 
the resist masks 6030, 6031, and 6032 was doped, and impurity ranges 6033- 
6036 were formed. 

[0142] Formation of impurity ranges 6033-6036 was performed by the ion doping 
method for having used phosphoretted hydrogen (PH3), and doping was 
performed with acceleration voltage 40keV extent, and it adjusted so that the 
concentration of Lynn (P) might become 5x1019 - about three 5x1020 atoms/cm. 
It was made for the concentration of Lynn (P) of impurity ranges 6033-6036 to 
serve as 1x1020 atoms/cm3 in this example. In this specification, the 
concentration of the impurity which gives n mold contained in the impurity ranges 



6033-6036 formed here is expressed as (n+). ( Drawing 9 (A)) 
[0143] The resist masks 6030-6032 were removed and the part used as the part 
used as the n channel mold TFT and Cs was covered with the resist mask 6039. 
And the impurity which gives p mold to the semi-conductor film 6010 was doped. 
In this example, impurity ranges 6037 and 6038 were formed by the ion doping 
method for having used diboron hexahydride (B-2 H6). Doping was performed 
with acceleration voltage 40keV extent, and it adjusted so that the concentration 
of boron (B) might become 5x1019 - about three 5x1020 atoms/cm. It was made 
for the concentration of the boron (B) of impurity ranges 6037 and 6038 to serve 
as 1x1020 atoms/cm3 in this example. In this specification, the concentration of 
the impurity element which gives p mold contained in the impurity ranges 6037 
and 6038 formed here is expressed as (p+). Although Lynn (P) or boron (B) 
already added at the last process is contained in impurity ranges 6037 and 6038, 
since boron (B) is added by concentration high enough as compared with it, the 
conductivity of p mold is secured and the property of TFT is not affected at all. 
( Drawing 9 (B)) 

[0144] After removing the resist mask 6039, the insulator layer 6040 was formed. 
The insulator layer 6040 consisted of a silicon nitride film, and was formed in 
70nm of thickness by the CVD method. ( Drawing 9 (C)) 

[0145] Next, under nitrogen-gas-atmosphere mind, by heating on the conditions 
for 30 minutes by 850 degrees C, the impurity contained in an impurity range is 
spread within the semi-conductor film 6010-6012, and spreads even in the lower 
part of the gate electrodes 6020-6022. The impurity ranges 6041-6046 located in 
the lower part of the gate electrodes 6020-6022 are called a Lov field. Moreover, 
it is not located in the lower part of the gate electrodes 6020-6022, but the 
impurity ranges 6047-6050 adjacent to impurity ranges (a source field or drain 
field) 6033-6036 are called a Lof field. Impurity ranges 6033-6038, and 6041- 
6050 are activated by the above-mentioned heat treatment. ( Drawing 10 (A)) 
[0146] Next, the 1st interlayer insulation film 6052 which consists of silicon oxide 
or oxidation silicon nitride is formed by the thickness of 500-60500nm. In this 



example, it formed by the thickness of 1000nm using silicon nitride. Then, the 
contact hole which arrives at a source field or the drain fields 6033-6038 is 
formed, and source wiring 6053, 6055, and 6057 and the drain wiring 6054, 6056, 
and 6058 are formed. In addition, although not illustrated, in this example, it 
considered as the cascade screen of 4 layer structures which formed 
continuously 40nm of Ti film which includes this source wiring and drain wiring for 
60nm of Ti film, and nitrogen, 300nm of aluminum film containing Si, and 100nm 
of Ti film by the spatter. ( Drawing 10 (B)) 

[0147] Next, the passivation film 6060 which consists of a silicon nitride film is 
formed by the thickness of 220nm on the 1st interlayer insulation film 6052 so 
that source wiring 6053, 6055, and 6057 and the drain wiring 6054, 6056, and 
6058 may be covered. ( Drawing 10 (C)) 

And as the passivation film 6060 is covered, the 2nd interlayer insulation film 
6061 is formed. This 2nd interlayer insulation film 6061 consists of acrylic film, 
and thickness is formed in 800nm. 

[0148] After heating the 2nd interlayer insulation film 6061 which consists of 
acrylic film on condition that 150 degrees C and 0.3hr, the thickness which uses 
Ti film or Ti as a principal component forms the light-shielding film 6062 which is 
100nm on the 2nd interlayer insulation film 6061. ( Drawing 10 (A)) 
[0149] And the 3rd interlayer insulation film 6063 was formed on the 2nd 
interlayer insulation film 6061 so that a light-shielding film 6062 might be covered. 
The 3rd interlayer insulation film 6063 consists of acrylic film, and the thickness is 
formed by 500nm - 1000nm. In this example, thickness of the 3rd interlayer 
insulation film 6063 was set to 800nm. ( Drawing 10 (B)) 

[0150] A contact hole is formed in the 3rd interlayer insulation film 6063, and the 
pixel electrode 6064 is formed after that. Thickness of the pixel electrode 6064 
was set to 2.8 micrometers in this example. The pixel electrode 6064 is 
electrically connected with the drain wiring 6058 through a contact hole. The pixel 
electrode 6064 should just use the transparence electric conduction film. 
( Drawing 10 (C)) 



[0151] As mentioned above, the semiconductor device of this invention has the 
various descriptions in the driver line and the pixel matrix circuit, and according to 
these synergistic effects, a bright high definition image is obtained and it obtains 
the engine performance of operation and a reliable electro-optic device. And the 
highly efficient electronic equipment which carried such an electro-optic device 
as components is obtained. 

[0152] The CMOS circuit and picture element part which were formed by carrying 
out the [example 3] invention in this application can be used for various electro- 
optic devices (an active matrix liquid crystal display, a active-matrix mold EL 
display, active-matrix mold EC display). That is, the invention in this application 
can be carried out on all the electronic equipment that built these electro-optic 
devices into the display. 

[0153] As such electronic equipment, a video camera, a digital camera, a 
projector (a rear mold or front mold), a head mount display (goggles mold 
display), car navigation, a car stereo, a personal computer, Personal Digital 
Assistants (a mobile computer, a cellular phone, or digital book), etc. are 
mentioned. Those examples are shown in drawing 14 , drawing 15 , and drawing 
16. 

[0154] Drawing 14 (A) is a personal computer and contains a body 2001, the 
image input section 2002, a display 2003, and keyboard 2004 grade. This 
invention is applicable to the signal-control circuit of the image input section 2002, 
a display 2003, or others. 

[0155] Drawing 14 (B) is a video camera and contains a body 2101, a display 
2102, the voice input section 2103, the actuation switch 2104, a dc-battery 2105, 
and television section 2106 grade. This invention is applicable to the signal- 
control circuit of a display 2102 or others. 

[0156] Drawing 14 (C) is a mobile computer (Mobile computer), and contains a 
body 2201, the camera section 2202, the television section 2203, the actuation 
switch 2204, and display 2205 grade. This invention is applicable to the signal- 
control circuit of a display 2205 or others. 



[0157] Drawing 14 (D) is a goggles mold display, and contains a body 2301, a 
display 2302, and arm section 2303 grade. This invention is applicable to the 
signal-control circuit of a display 2302 or others. 

[0158] Drawing 14 (E) is a player using the record medium (it is hereafter called a 
record medium) which recorded the program, and contains a body 2401, a 
display 2402, the loudspeaker section 2403, a record medium 2404, and 
actuation switch 2405 grade. In addition, this player can use music appreciation, 
movie appreciation, a game, and the Internet, using DVD (Digtial Versatile Disc), 
CD, etc. as a record medium. This invention is applicable to the signal-control 
circuit of a display 2402 or others. 

[0159] Drawing 14 (F) is a digital camera and contains a body 2501, a display 
2502, an eye contacting part 2503, the actuation switch 2504, the television 
section (not shown), etc. The invention in this application is applicable to the 
signal-control circuit of a display 2502 or others. <BR> [0160] Drawing 15 (A) is a 
front mold projector, and contains a projection device 2601 and screen 2602 
grade. This invention is applicable to the signal-control circuit of a liquid crystal 
display 2808 or others which constitutes some projection devices 2601. 
[0161] Drawing 15 (B) is a rear mold projector, and contains a body 2701, a 
projection device 2702, a mirror 2703, and screen 2704 grade. This invention is 
applicable to the signal-control circuit of a liquid crystal display 2808 or others 
which constitutes some projection devices 2702. 

[0162] In addition, drawing 15 (C) is drawing having shown an example of the 
structure of the projection devices 2601 and 2702 in drawing 15 (A) and drawing 
15 (B). Projection devices 2601 and 2702 consist of the light source optical 
system 2801, mirrors 2802, 2804-2806, a dichroic mirror 2803, prism 2807, a 
liquid crystal display 2808, a phase contrast plate 2809, and an incident light 
study system 2810. The incident light study system 2810 consists of optical 
system containing a projector lens. Although this example showed the example 
of a 3 plate type, it may not be limited especially, for example, may be a veneer 
type. Moreover, an operation person may prepare suitably the optical system of 



an optical lens, the film which has a polarization function, the film for adjusting 
phase contrast, IR film, etc., etc. in the optical path shown by the arrow head in 
drawing 15 (C). 

[0163] Moreover, drawing 15 (D) is drawing having shown an example of the 
structure of the light source optical system 2801 in drawing 15 (C). The light 
source optical system 2801 is constituted from this example by a reflector 281 1, 
the light source 2812, the lens arrays 2813 and 2814, the polarization sensing 
element 2815, and the condenser lens 2816. In addition, the light source optical 
system shown in drawing 15 (D) is especially an example, and is not limited. For 
example, an operation person may prepare suitably the optical system of an 
optical lens, the film which has a polarization function, the film which adjusts 
phase contrast, IR film, etc. in light source optical system. 
[0164] However, in the projector shown in drawing 15 , the case where the 
electro-optic device of a transparency mold is used is shown, and the example of 
application in the electro-optic device and EL display of a reflective mold is not 
illustrated. 

[0165] Drawing 16 (A) is a cellular phone and contains a body 2901, the voice 
output section 2902, the voice input section 2903, a display 2904, the actuation 
switch 2905, and antenna 2906 grade. The invention in this application is 
applicable to the signal-control circuit of the voice output section 2902, the voice 
input section 2903, a display 2904, or others. 

[0166] Drawing 16 (B) is pocket books (digital book), and contains a body 3001, 
displays 3002 and 3003, a storage 3004, the actuation switch 3005, and antenna 
3006 grade. This invention is applicable to the signal circuit of displays 3002 and 
3003 or others. 

[0167] Drawing 16 (C) is a display and contains a body 3101, susceptor 3102, 
and display 3103 grade. This invention is applicable to a display 3103. Especially 
the display of this invention is advantageous when it big-screen-izes, and it is 
advantageous to the display of 10 inches or more (especially 30 inches or more) 
of vertical angles. 



[0168] As mentioned above, the applicability of the invention in this application is 
very wide, and applying to the electronic equipment of all fields is possible. 
Moreover, even if the electronic equipment of this example uses the configuration 
which consists of combination like an example 1 and 2 throats, it is realizable. 
[0169] [Example 4] this example explains the example which produced EL 
(electroluminescence) display using the invention in this application. 
[0170] Drawing 17 (A) is the plan of EL display which used the invention in this 
application. In drawing 117 (A), for 4010, as for a picture element part and 4012, 
a substrate and 401 1 are [ a source side drive circuit and 4013 ] gate side drive 
circuits, and each drive circuit results in FPC4017 through wiring 4014-4016, and 
is connected to an external instrument. 

[0171] this time ~ at least ~ a picture element part - as a drive circuit and a 
picture element part are surrounded preferably, the covering material 6000, a 
sealing material (it is also called housing material) 7000, and sealant (the 2nd 
sealing material) 7001 are formed. 

[0172] Moreover, drawing 17 (B) is the cross-section structure of EL display of 
this example, and TFT4022 for drive circuits (however, the CMOS circuit which 
combined the n channel mold TFT and the p channel mold TFT here is 
illustrated.), and TFT4023 (however, only TFT which controls the current to an 
EL element here is illustrated.) for picture element parts are formed on a 
substrate 4010 and the substrate film 4021. These TFT(s) should just use well- 
known structure (top gate structure or bottom gate structure). 
[0173] The invention in this application can be used on the occasion of TFT4022 
for drive circuits, and TFT4023 for picture element parts. 
[0174] If TFT4022 for drive circuits and TFT4023 for picture element parts are 
completed using the invention in this application, the pixel electrode 4027 which 
becomes by the transparence electric conduction film electrically connected with 
the drain of TFT4023 for picture element parts will be formed on the interlayer 
insulation film (flattening film) 4026 which becomes with a resin ingredient. As 
transparence electric conduction film, the compound (referred to as ITO) of 



indium oxide and the tin oxide or the compound of indium oxide and a zinc oxide 
can be used. And if the pixel electrode 4027 is formed, an insulator layer 4028 
will be formed and opening will be formed on the pixel electrode 4027. 
[0175] Next, the EL layer 4029 is formed. What is necessary is just to make the 
EL layer 4029 into a laminated structure or monolayer structure, combining freely 
well-known EL ingredient (a hole injection layer, an electron hole transportation 
layer, a luminous layer, an electronic transportation layer, or electronic injection 
layer). As what kind of structure it considers should just use a well-known 
technique. Moreover, there are a low-molecular system ingredient and a 
macromolecule system (polymer system) ingredient as EL ingredient. When 
using a low-molecular system ingredient, vacuum deposition is used, but when 
using a giant-molecule system ingredient, it is possible to use simple approaches, 
such as a spin coat method, print processes, or the ink jet method. 
[0176] In this example, EL layer is formed with vacuum deposition using a 
shadow mask. By forming the luminous layer (a red luminous layer, a green 
luminous layer, and blue luminous layer) in which luminescence from which 
wavelength differs for every pixel using a shadow mask is possible, color display 
becomes possible. In addition, which approach may be used although there are a 
method which combined the color conversion layer (CCM) and the color filter, 
and a method which combined the white luminous layer and the color filter. Of 
course, it can also consider as EL display of monochrome luminescence. 
[0177] If the EL layer 4029 is formed, cathode 4030 will be formed on it. As for 
the moisture which exists in the interface of cathode 4030 and the EL layer 4029, 
or oxygen, eliminating as much as possible is desirable. Therefore, the device of 
forming cathode 4030 without carrying out continuation membrane formation of 
the EL layer 4029 and the cathode 4030 in a vacuum, or forming the EL layer 
4029 by the inert atmosphere and carrying out atmospheric-air release is 
required. At this example, the above membrane formation is enabled by using 
the membrane formation equipment of a multi chamber method (cluster tool 
method). 



[0178] In addition, in this example, the laminated structure of the LiF (lithium 
fluoride) film and aluminum (aluminum) film is used as cathode 4030. The LiF 
(lithium fluoride) film of 1nm thickness is specifically formed with vacuum 
deposition on the EL layer 4029, and the aluminum film of 300nm thickness is 
formed on it. Of course, the MgAg electrode which is a well-known cathode 
material may be used. And cathode 4030 is connected to wiring 4016 in the field 
shown by 4031. Wiring 4016 is a current supply line for giving a predetermined 
electrical potential difference to cathode 4030, and is connected to FPC4017 
through the conductive paste ingredient 4032. 

[0179] In order to connect cathode 4030 and wiring 4016 electrically in the field 
shown in 4031, it is necessary to form a contact hole in an interlayer insulation 
film 4026 and an insulator layer 4028. What is necessary is just to form these at 
the time of etching of an interlayer insulation film 4026, and etching of an 
insulator layer 4028 (at the time of formation of the contact hole for pixel 
electrodes) (at the time of formation of opening in front of EL stratification). 
Moreover, in case an insulator layer 4028 is etched, even an interlayer insulation 
film 4026 may etch by package. In this case, if an interlayer insulation film 4026 
and an insulator layer 4028 are the same resin ingredients, the configuration of a 
contact hole can be made good. 

[0180] Thus, the front face of the formed EL element is covered and the 
passivation film 6003, a filler 6004, and the covering material 6000 are formed. 
[0181] Furthermore, as the EL element section is surrounded, a sealing material 
is formed inside the covering material 6000 and a substrate 4010, and sealant 
(the 2nd sealing material) 7001 is further formed in a sealing material's 7000 
outside. 

[0182] At this time, this filler 6004 functions also as adhesives for pasting up the 
covering material 6000. As a filler 6004, PVC (polyvinyl chloride), an epoxy resin, 
silicone resin, and PVB (polyvinyl BUCHIRARU) or EVA (ethylene vinyl acetate) 
can be used. If the drying agent is prepared in the interior of this filler 6004, since 
the moisture absorption effectiveness can be held, it is desirable. 



[0183] Moreover, a spacer may be made to contain in a filler 6004. At this time, a 
spacer may be used as the particulate matter which consists of BaO etc., and 
hygroscopicity may be given to the spacer itself. 

[0184] When a spacer is formed, the passivation film 6003 can ease spacer **. 
Moreover, the resin film which eases spacer ** may be prepared apart from the 
passivation film. 

[0185] Moreover, as covering material 6000, a glass plate, an aluminum plate, a 
stainless plate, an FRP (Fiberglass-Reinforced Plastics) plate, a PVF (polyvinyl 
fluoride) film, a Mylar film, polyester film, or an acrylic film can be used. In 
addition, when using PVB and EVA as a filler 6004, it is desirable to use the 
sheet of the structure which sandwiched dozens of micrometers aluminium foil 
with the PVF film or the Mylar film. 

[0186] However, depending on the luminescence direction (the direction of a light 
emission) from an EL element, the covering material 6000 needs to have 
translucency. 

[0187] Moreover, wiring 4016 is electrically connected to FPC4017 through the 
clearance between a sealing material 7000 and sealant 7001, and a substrate 
4010. In addition, although wiring 4016 was explained here, other wiring 4014 
and 4015 is similarly connected to FPC4017 electrically through the bottom of a 
sealing material 7000 and sealant 7001. 

[0188] [Example 5] this example explains the example which produced EL 
display of a gestalt which is different in an example 4 using the invention in this 
application using drawing 18 (A) and (B). Since the thing of the same number as 
drawing 17 (A) and (B) has pointed out the same part, explanation is omitted. 
[0189] Drawing 18 (A) is the plan of EL display of this example, and shows the 
sectional view which cut drawing 18 (A) by A-A' to drawing 18 (B). 
[0190] According to an example 4, the front face of an EL element is covered and 
even the passivation film 6003 is formed. 

[0191] Furthermore, a filler 6004 is formed as an EL element is covered. This 
filler 6004 functions also as adhesives for pasting up the covering material 6000. 



As a filler 6004, PVC (polyvinyl chloride), an epoxy resin, silicone resin, and PVB 
(polyvinyl BUCHIRARU) or EVA (ethylene vinyl acetate) can be used. If the 
drying agent is prepared in the interior of this filler 6004, since the moisture 
absorption effectiveness can be held, it is desirable. 

[0192] Moreover, a spacer may be made to contain in a filler 6004. At this time, a 
spacer may be used as the particulate matter which consists of BaO etc., and 
hygroscopicity may be given to the spacer itself. 

[0193] When a spacer is formed, the passivation film 6003 can ease spacer **. 
Moreover, the resin film which eases spacer ** may be prepared apart from the 
passivation film. 

[0194] Moreover, as covering material 6000, a glass plate, an aluminum plate, a 
stainless plate, an FRP (Fiberglass-Reinforced Plastics) plate, a PVF (polyvinyl 
fluoride) film, a Mylar film, polyester film, or an acrylic film can be used. In 
addition, when using PVB and EVA as a filler 6004, it is desirable to use the 
sheet of the structure which sandwiched dozens of micrometers aluminium foil 
with the PVF film or the Mylar film. 

[0195] However, depending on the luminescence direction (the direction of a light 
emission) from an EL element, the covering material 6000 needs to have 
translucency. 

[0196] next, the side face (disclosure side) of the filler 6004 after pasting up the 
covering material 6000 using a filler 6004 - a wrap -- a frame material 6001 is 
attached like. A frame material 6001 is pasted up with a sealing material (it 
functions as adhesives) 6002. Although it is desirable at this time to use a photo- 
setting resin as a sealing material 6002, thermosetting resin may be used as long 
as the thermal resistance of EL layer allows. In addition, as for a sealing material 
6002, it is desirable that it is the ingredient which penetrates neither moisture nor 
oxygen as much as possible. Moreover, the drying agent may be added inside 
the sealing material 6002. 

[0197] Moreover, wiring 4016 is electrically connected to FPC4017 through the 
clearance between a sealing material 6002 and a substrate 4010. In addition, 



although wiring 4016 was explained here, other wiring 4014 and 4015 is similarly 
connected to FPC4017 electrically through the bottom of a sealing material 6002. 
[0198] [Example 6] Top-face structure is shown in drawing 20 (A), and here 
shows a circuit diagram for the still more detailed cross-section structure of the 
picture element part in EL display panel to drawing 19 at drawing 20 (B). What is 
necessary is just to refer to mutually in drawing 19 , drawing 20 (A), and (B), 
since a common sign is used. 

[0199] In drawing 19 , TFT3502 for switching prepared on the substrate 3501 is 
formed using NTFT of the invention in this application (an example 1, 2 
reference). Although considered as double-gate structure in this example, since 
there is no big difference in structure and a production process, explanation is 
omitted. However, it becomes the structure where the serial of the two TFT(s) 
was substantially carried out by considering as double-gate structure, and there 
is an advantage that an OFF state current value can be reduced. In addition, 
although considered as double-gate structure in this example, single gate 
structure is sufficient and multi-gate structure with triple gate structure or the gate 
number beyond it is sufficient. Moreover, you may form using PTFT of the 
invention in this application. 

[0200] Moreover, TFT3503 for current control is formed using NTFT of the 
invention in this application. At this time, the drain wiring 35 of TFT3502 for 
switching is electrically connected to the gate electrode 37 of TFT for current 
control by wiring 36. Moreover, wiring shown by 38 is gate wiring which connects 
electrically the gate electrodes 39a and 39b of TFT3502 for switching. 
[0201] At this time, it has very important semantics that TFT3503 for current 
control is the structure of the invention in this application. Since TFT for current 
control is a component for controlling the amount of currents which flows an EL 
element, many currents flow and the danger of degradation by heat or 
degradation by the hot carrier is also a high component. Therefore, the structure 
of the invention in this application which prepares a LDD field so that it may lap 
with a gate electrode through gate dielectric film at the drain side of TFT for 



current control is very effective. 

[0202] Moreover, although single gate structure is illustrating TFT3503 for current 
control in this example, it is good also as multi-gate structure where two or more 
TFT(s) were tied to the serial. Furthermore, it is good also as structure which ties 
two or more TFT(s) to juxtaposition, divides a channel formation field into plurality 
substantially, and enabled it to emit heat at high effectiveness. Such structure is 
effective as a cure against degradation by heat. 

[0203] Moreover, as shown in drawing 20 (A), wiring used as the gate electrode 
37 of TFT3503 for current control laps with the drain wiring 40 of TFT3503 for 
current control through an insulator layer in the field shown by 3504. At this time, 
a capacitor is formed in the field shown by 3504. This capacitor 3504 functions 
as a capacitor for holding the electrical potential difference concerning the gate of 
TFT3503 for current control. In addition, the drain wiring 40 is connected to the 
current supply source line (power-source line) 3506, and the fixed electrical 
potential difference is always applied. 

[0204] The 1st passivation film 41 is formed on TFT3502 for switching, and 
TFT3503 for current control, and the flattening film 42 which becomes by the 
resin insulator layer is formed on it. It is very important to carry out flattening of 
the level difference by TFT using the flattening film 42. Since EL layer formed 
behind is very thin, poor luminescence may be caused when a level difference 
exists. Therefore, before forming a pixel electrode so that EL layer can be formed 
as much as possible in a flat side, it is desirable to carry out flattening. 
[0205] Moreover, 43 is a pixel electrode (cathode of an EL element) which 
becomes by the reflexible high electric conduction film, and is electrically 
connected to the drain of TFT3503 for current control, as the pixel electrode 43 - 
the aluminium alloy film, the copper alloy film, or the silver alloy film - low -- it is 
desirable to use electric conduction [ **** ] film or those cascade screens. Of 
course, it is good also as a laminated structure with other electric conduction film. 
[0206] Moreover, a luminous layer 45 is formed into the slot (it is equivalent to a 
pixel) formed of the banks 44a and 44b formed by the insulator layer (preferably 



resin). In addition, although only 1 pixel is illustrated here, the luminous layer 
corresponding to each color of R (red), G (green), and B (blue) may be made and 
divided, pi conjugation polymer system ingredient is used as an organic 
electroluminescence ingredient made into a luminous layer. As a typical polymer 
system ingredient, a poly para-phenylene vinylene (PPV) system, a polyvinyl- 
carbazole (PVK) system, the poly fluorene system, etc. are mentioned. 
[0207] In addition, what is necessary is just to use an ingredient which was 
indicated by "H.Shenk, H.Becker, O.Gelsen, E.KIuge, W.Kreuder, and 
H.Spreitzer, "Polymers forLight Emitting Diodes", Euro Display, Proceedings, 
1999, p.33-37", and JP,10-92576,A, for example, although there is a thing of 
various molds as a PPV system organic electroluminescence ingredient. 
[0208] What is necessary is to use polyphenylene vinylene for cyano 
polyphenylene vinylene and the luminous layer which emits light green, and just 
to use polyphenylene vinylene or the poly alkyl phenylene for the luminous layer 
which emits light blue as a concrete luminous layer, at the luminous layer which 
emits light in red. thickness ~ 30-1 50nm (preferably 40-1 OOnm) -- then, it is good. 
[0209] However, the above example is an example of the organic 
electroluminescence ingredient which can be used as a luminous layer, and 
there is no need of limiting to this. What is necessary is just to form EL layer 
(layer for moving luminescence and the carrier for it), combining freely a 
luminous layer, a charge transportation layer, or a charge impregnation layer. 
[0210] For example, although this example showed the example which uses a 
polymer system ingredient as a luminous layer, a low-molecular system organic 
electroluminescence ingredient may be used. Moreover, it is also possible to use 
inorganic materials, such as silicon carbide, as a charge transportation layer or a 
charge impregnation layer. These organic electroluminescence ingredients and 
inorganic materials can use a well-known ingredient. 

[021 1] In this example, it is considering as EL layer of the laminated structure 
which formed the hole injection layer 46 which becomes by PEDOT (poly 
thiophene) or PAni (poly aniline) on the luminous layer 45. And on a hole 



injection layer 46, the anode plate 47 which becomes by the transparence 
electric conduction film is formed. Since light generated by the luminous layer 45 
is emitted toward a top-face side in the case of this example (going above TFT), 
an anode plate must be translucency. Although the compound of indium oxide 
and the tin oxide and the compound of indium oxide and a zinc oxide can be 
used as transparence electric conduction film, in order to form after forming a low 
heat-resistant luminous layer and a heat-resistant low hole injection layer, what 
can form membranes at low temperature as much as possible is desirable. 
[0212] When formed to an anode plate 47, EL element 3505 is completed. In 
addition, EL element 3505 here points out the capacitor formed in the pixel 
electrode (cathode) 43, the luminous layer 45, the hole injection layer 46, and the 
anode plate 47. As shown in drawing 36 A, since the pixel electrode 43 is mostly 
in agreement with the area of a pixel, the whole pixel functions as an EL element. 
Therefore, the use effectiveness of luminescence is very high and the bright 
image display of it becomes possible. 

[0213] By the way, in this example, the 2nd passivation film 48 is further formed 
on the anode plate 47. As the 2nd passivation film 48, a silicon nitride film or the 
nitriding oxidation silicon film is desirable. This purpose is intercepting the 
exterior and an EL element, and has both the semantics which prevents 
degradation by oxidation of an organic electroluminescence ingredient, and the 
semantics which stops degasifying from an organic electroluminescence 
ingredient. Thereby, the dependability of EL display is raised. 
[0214] As mentioned above, EL display panel of the invention in this application 
has the picture element part which consists of a pixel of structure like drawing 19 , 
and has TFT for switching of an OFF state current value low enough, and TFT for 
current control strong against hot carrier impregnation. Therefore, it has high 
dependability and EL display panel in which good image display is possible is 
obtained. 

[0215] In addition, it combines with the configuration and freedom of examples 1 
and 2, and the configuration of this example can be carried out. Moreover, it is 



effective to use EL display panel of this example as a display of the electronic 
equipment of an example 3. 

[0216] [Example 7] this example explains the structure where the structure of EL 
element 3505 was reversed, in the picture element part shown in the example 6. 
Drawing 21 is used for explanation. In addition, since different points from the 
structure of drawing 19 are only the part of an EL element, and TFT for current 
control, other explanation is given to omit. 

[0217] In drawing 21 , TFT3503 for current control is formed using PTFT of the 
invention in this application. Just refer to the examples 1 and 2 for a production 
process. 

[0218] In this example, the transparence electric conduction film is used as a 
pixel electrode (anode plate) 50. The electric conduction film which specifically 
becomes with the compound of indium oxide and a zinc oxide is used. Of course, 
the electric conduction film which becomes with the compound of indium oxide 
and the tin oxide may be used. 

[0219] And after the banks 51a and 51b which become by the insulator layer are 
formed, the luminous layer 52 which becomes by the polyvinyl carbazole by 
solution spreading is formed. The electronic injection layer 53 which becomes by 
potassium acetylacetonate (written as acacK) on it, and the cathode 54 which 
becomes with an aluminium alloy are formed. In this case, cathode 54 functions 
also as passivation film. In this way, EL element 3701 is formed. 
[0220] In the case of this example, the light generated in the luminous layer 52 is 
emitted toward the direction of the substrate with which TFT was formed as 
shown by the arrow head. 

[0221] In addition, it combines with the configuration and freedom of examples 1 
and 2, and the configuration of this example can be carried out. Moreover, it is 
effective to use EL display panel of this example as a display of the electronic 
equipment of an example 3. 

[0222] [Example 8] this example shows the example at the time of considering as 
the pixel of different structure from the circuit diagram shown in drawing 20 (B) to 



drawing 22 (A) - (C). in addition, this example - setting - 3801 - in gate wiring of 
TFT3802 for switching, and 3804, a capacitor, and 3806 and 3808 make it as a 
current supply source line, and 3807 makes TFT for current control, and 3805 an 
EL element for the source wiring of TFT3802 for switching, and 3803. 
[0223] Drawing 22 (A) is an example at the time of making the current supply 
source line 3806 common between two pixels. That is, the description is formed 
so that two pixels may serve as axial symmetry focusing on the current supply 
source line 3806. In this case, since the number of a current supply line can be 
reduced, a picture element part can be further made highly minute. 
[0224] Moreover, drawing 22 (B) is an example at the time of forming the current 
supply source line 3808 in parallel with the gate wiring 3803. In addition, although 
it has structure established so that the current supply source line 3808 and the 
gate wiring 3803 might not lap in drawing 22 (B), if it is wiring formed in the layer 
from which both differ, it can also prepare so that it may lap through an insulator 
layer. In this case, since the current supply line 3808 and the gate wiring 3803 
can be made to share monopoly area, a picture element part can be further 
made highly minute. 

[0225] Moreover, drawing 22 (C) forms the current supply source line 3808 in 
parallel with the gate wiring 3803 like the structure of drawing 22 (B), and the 
description is that it forms two pixels further so that it may become axial 
symmetry focusing on the current supply source line 3808. Moreover, it is also 
effective to form the current supply source line 3808 so that it may lap with either 
of the gate wiring 3803. In this case, since the number of a current supply line 
can be reduced, a picture element part can be further made highly minute. 
[0226] In addition, it combines with the configuration and freedom of examples 1, 
2, 4, or 5, and the configuration of this example can be carried out. Moreover, it is 
effective to use EL display panel which has the pixel structure of this example as 
a display of the electronic equipment of an example 3. 

[0227] Although it is considering as the structure of forming a capacitor 3504, in 
drawing 20 (A) shown in the [example 9] example 6, and (B) in order to hold the 



electrical potential difference concerning the gate of TFT3503 for current control, 
it is also possible to omit a capacitor 3504. Since NTFT of the invention in this 
application as shown in examples 1 and 2 as TFT3503 for current control is used 
in the case of the example 17, it has the LDD field prepared so that it might lap 
with a gate electrode through gate dielectric film. Although the parasitic 
capacitance generally called gate capacitance is formed in these overlapping 
fields, in this example, the description is in the point of using this parasitic 
capacitance positively as a substitute of a capacitor 3504. 
[0228] Since the capacitance of this parasitic capacitance changes with the area 
which the above-mentioned gate electrode and the LDD field overlapped, it is 
decided by the die length of the LDD field included to those overlapping fields. 
[0229] Moreover, in the structure of drawing 22 (A) shown in the example 8, (B), 
and (C), it is possible similarly to omit a capacitor 3805. 

[0230] In addition, it combines with the configuration and freedom of examples 1, 
2, 4-8, and the configuration of this example can be carried out. Moreover, it is 
effective to use EL display panel which has the pixel structure of this example as 
a display of the electronic equipment of an example 3. 
[0231] 

[Effect of the Invention] The stacking tendency of the crystalline substance semi- 
conductor film produced by carrying out termination of the amorphous 
semiconductor film by the halogen by the invention in this application using the 
heat crystallizing method or the laser crystallizing method in the amorphous 
semiconductor film can be raised. 

[0232] Furthermore, the property of TFT can be raised by using such crystalline 
substance semi-conductor film, and property variation can be reduced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the making process of a pixel circuit and a control 
circuit. 

[Drawing 2] Drawing showing the making process of a pixel circuit and a control 
circuit. 

[Drawing 3] Drawing showing the making process of a pixel circuit and a control 
circuit. 

[Drawing 4] Drawing showing the making process of a pixel circuit and a control 
circuit. 

[Drawing 5] Drawing showing the making process of TFT. 

[Drawing 6] Drawing showing the making process of TFT. 

[Drawing 7] Drawing showing the making process of TFT. 

[Drawing 8] Drawing showing the making process of TFT. 

[Drawing 9] Drawing showing the making process of TFT. 

[Drawing 10] Drawing showing the making process of TFT. 

[Drawing 11] Drawing showing the crystallization process of the semi-conductor 

film. 

[Drawing 12] Drawing showing the cross section of TFT of an operation gestalt. 
[Drawing 13] Drawing showing the crystallization process of the semi-conductor 
film. 

[Drawing 14] Drawing showing an example of electronic equipment. 



[Drawing 15] Drawing showing an example of electronic equipment. 
[Drawing 16] Drawing showing an example of electronic equipment. 
[Drawing 17] Drawing showing the structure of EL display. 
[Drawing 18] Drawing showing the structure of EL display. 
[Drawing 19] Drawing showing the structure of EL display. 
[Drawing 20] Drawing showing the structure of EL display. 
[Drawing 21] Drawing showing the structure of EL display. 
[Drawing 22] Drawing showing the structure of EL display. 
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[Drawing 1] 




[Drawing 3] 




[Drawing 5] 
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[Drawing 6] 




[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 14] 




[Drawing 15] 




[Drawing 19] 
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[Drawing 16] 




[Drawing 17] 



[Drawing 18] 





[Drawing 20] 
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[Drawing 21] 




[Drawing 22] 
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